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RADIOSENSITIVITY OF TUMORS 


FRED W. STEWART, M.D. 
NEW YORK 


The advent of radiation as a therapeutic agent in neoplastic diseases 
has stimulated an enormous amount of interest in the fundamental 
nature of the action of radiation on tissues in general and on tumors 
in particular. The actual intimate mechanism by which radiation pro- 
duces injury to cells is vague, and its elycidation must await prolonged 
biophysical analysis. On the other hand, much information is avail- 
able regarding the various types of cells or tissues which are especially 
susceptible to injury by radiation, together with certain of the con- 
ditions under which they exhibit this susceptibility. The histologic 
changes following irradiation have been abundantly described. Much 
of this knowledge has come from the study of the behavior of tumors 
under radiation, and from these observations on the behavior of 
tumors have been formulated certain generalizations which have been 
called laws of radiosensitivity. It must be realized that these laws are 
expressions of observed facts and not ultimate explanations of facts, 
and yet from a pragmatic point of view they constitute an increasingly 
valuable body of data for the clinician or pathologist interested in cancer. 

In the earlier days of therapeutic radiology it became apparent that 
the distinctly embryonal tumors were highly sensitive to radiation. On 
the morphologic side such tumors are composed of particularly delicate 
cells. The cytoplasm is delicate and rich in fluid content. Such cells 
lack a tough cell membrane. It is possible that they have a high meta- 
bolic rate, although little is known about comparative tumor metabolism. 
Prominent among such embryonal tumors are the embryomas of the 
testis and ovary, and the Wilms tumors of the nephrogenic anlages. 
With the differentiation of such tumors into the adult teratomas or the 
relatively adult renal tissues the radiosensitivity diminishes. The 
embryonal adenocarcinomas of the testis are distinctly more resistant, 
and fully developed adult teratoma is a resistant tumor. Is the differ- 
ence dependent on changes in the metabolic rate? Possibly, although, 
judging by the rate of growth, the metabolism of embryonal adeno- 
carcinoma of the testis is certainly high. The susceptibility of embryonic 


From the Pathological Laboratory of the Memorial Hospital. 
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tissues to various noxious agents in correlation with the particular 
metabolism of the injured region is well known (Stockard * and others), 
Small differences in the developmental age of biologic test objects may 
make enormous differences in the amount of radiation necessary to 
prevent further development. Henshaw and Henshaw? have shown, 
for example, that if it requires from 300 to 400 roentgens to produce 
a 50 per cent mortality in recently deposited Drosophila eggs during the 
cleavage and blastula stage, the necessary quantity rapidly increases to 
from 1,200 to 2,000 roentgens during the stage of gastrulation. 
Packard * has shown that if cell activity is depressed by lowering the 
optimum developmental temperature and hence the metabolic rate, the 
quantity of radiation necessary to kill is increased. Exposed at 23 C. 
it required a treatment of ten and one-half minutes to kill 50 per cent 
of Drosophila eggs. At 13 C. it required thirteen and two-tenths 
minutes, and at 28 C., but nine minutes. Strangeways and Fell‘ 
irradiated chick embryos and following the irradiation kept some in the 
incubator and others at O C. for five hours. They then made cultures 
from both and found that the cultures from the chilled embryos grew 
well, but that those from the incubated cultures grew little or not at all. 
They are of the opinion that sensitivity is lowered in the cold because 
the metabolic rate is lowered. Studies of this sort are of enormous 
general significance, and yet so little is known concerning the special 
metabolism of tumors that for the present they cannot be directly 
applied to explain the sensitivities of specific tumors. 

A high metabolic rate may be assumed for rapidly growing anaplastic 
tumors, but unfortunately not all such tumors are sensitive to radiation 
and some are highly resistant. Nor is one greatly assisted in the search 
for the explanation of the sensitivity of such tumors by their large 
number of mitoses. It seems certain that cells exhibit a heightened 
sensitivity sometime during the mitotic or premitotic period (Regaud,’ 
Strangeways and Hopwood ® and Seide*), but in a tumor the number 
of mitoses varies from region to region and from section to section. 
Furthermore, no one knows the frequency and duration of the mitotic 
cycle, and observations have shown that tumors full of mitotic divisions 
may be either sensitive or resistant, depending on their fundamental 
nature. 


1. Stockard, C. R.: Am. J. Anat. 28:115, 1921. 

2. Henshaw, P. S., and Henshaw, C. P.: Radiology 21:239 (Sept.) 1933. 

3. Packard, Charles: J. Cancer Research 14:359, 1930. 

4. Strangeways, T. S. P., and Fell, H. B.: Proc. Roy. Soc., London, s.B, 
102:9, 1927. 

5. Regaud, C.: Bull. Assoc. frane. p. l'étude du cancer 12:482, 1923. 

6. Strangeways, T. S. P., and Hopwood, F. L.: Proc. Roy. Soc., London, 
s.B, 100:283, 1926. 

7. Seide, J.: Deutsche med. Wchnschr. 54:523, 1928. 
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Certain tumors seem to exhibit inherent qualities of radioresistance, 
possibly related to marked resistance in the tissue of origin as, for 
example, in the neurosarcoma, glioma and melanoma groups. Assuming 
with the Masson school the nervous origin of neurosarcoma (schwan- 
noma) and melanoma, it is easy to believe that these tumors are resistant 
because they develop from a resistant soil, yet this explanation remains 
* stated that “throughout the entire list of 
malignant and benign tumors one can trace the influence of the intrinsic 
properties of the cells of origin.” In fact, in the case of many individual 
tumors the fundamental nature of the tissue of origin outweighs all 
other considerations when an attempt is made to estimate the sensitivity. 


a hypothesis only. Ewing 


One of the most important factors which is associated with resistance 
of tumors is the property or tendency of the tumor cells to excite 
desmoplastic reactions in the host. The question as to whether desmo- 
plasia causes a reduced sensitivity, or whether tumor cells which show 
some slowing down of their growth activity and hence probably of their 
metabolic rate permit the development of host tissue reactions—the 
radioresistance and the desmoplasia thus being two expressions of a 
single phenomenon—-cannot be decided. Nevertheless, the practical 
significance of reduced radiosensitivity in the presence of fibrosis is 
unaltered. This question of fibrosis will be referred to later in the 
discussion of the actual histologic changes produced in tumors by 
radiation. 

On the basis of histologic studies it is frequently noted that when 
portions of a tumor regress and other portions fail to vanish, the latter 
regions may be characterized by the presence of productive fibrosis. 
In many sensitive tumors, however, if studies are made during the 
period of rapid regression, isolated cells or cell islets may be found 
which fail to show necrosis (fig. 1). I have not been able to relate 
these living islands to local vascular conditions or to the state of the 
connective tissue with great uniformity and feel more inclined to asso- 
ciate them with inherent differences in the individual cell population. 
Packard ® has plotted from Wood’s data*® the mortality curves, show- 
ing the relation between the percentage of takes at transplantation of 
different animal tumors and dosage prior to transplantation. The curves 


show a fairly wide variation which may or may not be of the symmetri- 
cal type. Thus the threshold dose for the Flexner rat carcinoma is 200 
roentgens, and the full lethal dose, 2,200 roentgens. Twelve hundred 
roentgens kills 50 per cent of the tumors. In another instance (tumor 
8), one-half the cells are killed by 300 roentgens, but 1,500 roentgens 


8. Ewing, James: Radiology 13:313, 1929. 
9. Packard, Charles: J. Cancer Research 11:282, 1927. 
10. Wood, F. C.: Radiology 5:199, 1925. 
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is needed to destroy all of them. The work indicates rather marked 
differences in the susceptibility of cells which to other intents and 


purposes seem quite uniform. The wide differences between the dose 


causing tumor regression and that necessary for the cure of disease are 
only too apparent in the field of cancer in human beings. 


It has long been known that severe anemia or cachexia is prejudicial 


to a normal response to radiation. Such observations form the basis 


for the belief that active circulation in the tumor is desirable for radio- 











Fig. 1—Lymphosarcoma, radiosensitive. 


Pyknosis and rapid cellular disinte- 
gration following treatment. 


The distribution of necrotic cells is quite irregular. 


sensitivity, that the body reacts to radiation as a whole organism and 
that a constitutional element plays a definite rdle in a favorable response. 

Students of radiation have long held divergent views as to the 
mechanism by which radiation causes regression of tumors. Whereas 
few would deny the importance of the direct action of radiation on the 
tumor cell, opinions differ widely as to the importance of local changes 
produced in the tumor bed and also of general bodily changes. As 
regards the latter, I must admit that, after a review of a large literature 
on the subject, no safe conclusion may be reached either as to the 
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importance or even as to the very nature of these general bodily altera- 
tions. For a discussion of these matters the reader is referred to the 
critical review by Kuhlmann."* 

Certain investigators are inclined to minimize the importance of a 
direct action of radiation on the tumor cells. This attitude has been 
recently emphasized by Pullinger.** She summarized the effect of 
radiation somewhat as follows: The early changes consist of hyperemia 
and injury to the endothelium of thin-walled, ill supported vessels. This 
injury results in edema, desquamation of cells at the surface, throm- 
bosis, infarction, necrobiosis, exudation of serum, coagulation, extrava- 
sation of blood and trauma. She boldly concluded that all effects 
following irradiation are related to vascular “stimulation” and vascular 
degeneration. Granting that these factors are undoubtedly of signifi- 
cance, I cannot see quite how they can be indiscriminately applied to 
all tumors if one is to explain the extremely variable. responses to 
radiation. For example, Nemenow ** saw a lymphosarcoma the size of 
a man’s head vanish within eighteen hours after rather little radiation. 
At the Memorial Hospital my associates and I have witnessed relief 
of dyspnea in certain mediastinal neoplasms follow the quantity of 
radiation used in fluoroscopy. Furthermore, tumors without thin- 
walled, ill supported vessels may be quite radiosensitive. At the Con- 
ference on Cancer held in London in 1928, Wood ** and Lacassagne *° 
drew quite opposite conclusions on the importance of vascular lesions in 
tumor regression. Most pathologists find explanations for the observed 
histologic changes following irradiation by assuming effects both on the 
tumor cells and on the tissue bed, the relative importance varying with 
the tumor. Whereas there is essential agreement on the character of 
these histologic changes, different students place different emphasis on 
their relative importance. For elaborate descriptions of the tissue 


changes following irradiation the reader should consult the papers of 
Regaud and Lacassagne '® and Ewing.'’ For a discussion of the prob- 
able physicochemical basis of irradiation the paper of Fernau** is of 


interest. The latter emphasizes injuries to vessel walls and cell mem- 
branes, increased permeability of vessel and cell walls, alterations in 


11. Kuhlmann, B.: Strahlentherapie 15: 

12. Pullinger, B. D.: J. Path. & Bact. 6o2/, 

13. Nemenow, M.: Strahlentherapie 44:655, 1932. 

14. Wood, F. C.: Report of the International Conference on Cancer, New 
York, William Wood & Company, 1928, p. 455. 

15. Lacassagne, A.: Report of the International Conference on Cancer, New 
York, William Wood & Company, 1928, p. 457. 

16. Regaud, C., and Lacassagne, A.: Radiophys. et. radiothérapie 1:1, 1930. 

17. Ewing, James: Am. J. Roentgenol. 15:93, 1926. 

18. Fernau, A.: Strahlentherapie 19:142, 1925. 
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hydrogen ion concentration and osmotic pressure, changes in the rate 
and character of diffusion between blood and tissues, variations in sur- 
face tension, viscosity and changes of tissue colloids, flocculation of 
albumin-lipoid complexes, oxidative disturbances and disturbances in 
other chemical processes. After considerable discussion Fernau was 
forced to the conclusion that “aus all diesen Ausftthrungen ersieht man, 
dass wir trotz aller Bemithungen tiber den Mechanismus der Strahlen- 
wirkung, keine sichere Kenntnis haben” (from all these explanations 
it can be seen that, in spite of all efforts, we have as yet no certain 
knowledge about the mechanism of ray action). 

Ewing stated that underlying all tissue reactions to radiation are the 
primary effects on the tissue cells. He believes that both nucleus and 
cytoplasm suffer together in varying degree, thus differing from Regaud 
and Lacassagne, who are inclined to believe that the nucleus is the 
special point of injury. It appears to me that some justification of the 
views of the French school in this respect is to be found in the numer- 
ous studies of biologists working with microdissection apparatuses, 
which have repeatedly revealed the comparative resistance of cytoplasm 
to various noxious agents and the extreme susceptibility of the nucleus. 

Ewing accepts as fully attested the law of Bergonié and Tribon- 
deau,’® that dividing cells are more susceptible than resting cells, and 
the observations of Schwarz *° that susceptibility to radiation is in direct 
proportion to the growth metabolism of the tumor cells. I have already 
drawn attention to the fact that not all rapidly growing tumors are 
radiosensitive, although one might infer from their capacity of growth 
that they possessed a high metabolic rate. Ewing stated that in tumors 
irradiation is followed by enormous swelling and hyperchromatism of 
epithelial nuclei, the result of imbibition of fluid by the nuclei at the 
expense of the cytoplasm. The probable explanation consists in intra- 
cellular changes produced by changes in electrolytes and decomposition 
of salts, fats and proteins, so that water is drawn in by simple osmosis. 
Regaud and Lacassagne are of the opinion that the nuclear chromatin 
is particularly affected. Ewing finds that under other conditions and 
generally in the case of lymphoid and embryonal tumors, there occur 
pyknosis, shrinkage and karyorrhexis, which seem to occur especially 
when the cytoplasm is hydropic. When these changes are present in 
pronounced form they lead to death of the cells. 

After full irradiation mitoses partially or wholly disappear. If they 
reappear they are apt to be abnormal in form or abortive. Schreus * 
found that amitotic division may replace mitotic division. That cells 


19. Bergonié, J., and Tribondeau, L.: Compt. rend. Acad. d. sc. 143:983, 1906. 
20. Schwarz, Gottwald: Wien. klin. Wchnschr. 36:906, 1923. 
21. Schreus, H. T.: Deutsche med. Wcehnschr. 51:358, 1925. 
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may recover from such damage is evidenced by frequent recurrences in 
scarred fibrotic beds. Under such conditions the cells are extremely 
resistant to further radiation. 

Among the changes which seem most significant are those of the 
blood vessels. Ewing believes that practical irradiation often acts 
largely through vascular disturbances. Irradiation is followed first by 
hyperemia. Vasodilatation is followed by exudation, hemorrhage, rup- 
ture of the capillaries and thrombosis. The endothelial cells are swollen 
and hydropic. All of the vessel coats become swollen and thickened, 
and a late arteriosclerosis leading to an anemic cicatrix may result. 

Repair in an irradiated field occurs by much the same mechanism 
that one finds after other injuries, but with certain peculiarities which 
will not be discussed since they bear especially on the phenomena of 
late radionecrosis, a topic quite foreign to the present paper. One of 
the earliest features of repair is the lymphocytic exudate. Lymphocytes 
gather in the irradiated field probably as the result of lymph stasis. So 
little is actually known about the lymphocyte, both as to its origin and 
as to its place as a biologic entity, that its influence on the healing pro- 
cess, if indeed it has any, is obscure. Ewing stated that complete 
destruction of tumor cell foci may follow the accumulation of lympho- 
cytes. He accepts the contention of Murphy ** that radiation acts par- 
tially through the mobilization of lymphocytes. This view is denied 
by Prime.** The tendency of lymphocytes to gather about foci of 
regressing tissue is well known. Not only do they tend to accumulate 
about tissue in the process of immediate regression, but throughout the 
biologic field they seem in their location to be particularly associated 
with regions where embryonal absorptive processes are under way 
(absorption of pharyngeal pouches, in the formation of the eustachian 
tube, the bursa of Fabricius, the intestinal glands, the pharyngeal tonsils 
and the postbranchial body—Kingsbury **). Ewing believes that the 
plasma cell or conditions under which the plasma cell occurs are 
antagonistic to the process of cancer. , 

Connective tissue proliferation occurs in the healing process under 
many circumstances. Cellular connective tissue with considerable 
momentum of growth may develop in irradiated lymph nodes, in mus- 


cles and in the subcutaneous tissue. The active proliferation of con- 
nective tissue may usually be traced to marked injuries to the normal 
tissue during the irradiation. In some nodes Ewing followed the 


22. Murphy, J. B.: The Lymphocyte in Resistance to Tissue Grafting, Malig- 
nant Disease and Tuberculous Infection, New York, Rockefeller Institute for 
Medical Research, 1926, monograph 21. 

23. Prime, Frederick: J. Cancer Research 6:1, 1921. 

24. Kingsbury, B. F.: Am. J. Anat. 50:201, 1932; 51:269, 1932. 
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process into almost a sarcoma-like growth. Thus Weigert’s law may 
be abundantly fulfilled. New capillary growth may be extreme. In 
one instance Ewing traced the development of a recurring angiosarcoma 
in a roentgen ulcer. 

With the marked destruction of tissue cells a form of indolent con- 
nective tissue essentially devoid of circulation may result. To this type 
of tissue the term abortive fibrosis has been applied. It occurs espe- 
cially after repeated irradiation and is one of the end-products of 
unsuccessful irradiation, since tumor cells may long remain in areas of 
abortive fibrosis. Such cells are extremely resistant. They have 
acquired a resistance greater than that of the surrounding connective 
tissues. The reaction of fat tissue to radiation is peculiar. Fat breaks 
down into oil cysts, saponification appears, and considerable prolifera- 
tion of fat cells ensues. The response of the connective tissue is poorly 
developed, and fat tissue constitutes an unfavorable bed for the irradia- 
tion of tumors. The peculiar reaction of fat tissue to radiation has 
a definite bearing on certain problems of practical irradiation, par- 
ticularly the irradiation of mammary cancer in the fatty breast. 

Regaud *° recognized in many neoplasms, especially in epidermoid 
carcinomas, a source of the neoplastic cells (souche cellulaire) and a 
collateral development (lignes laterales). He believes that the collateral 
line—in epidermoid carcinoma the hornified squamous layers—has 
nothing to do with the perpetuation of the neoplastic process, since 
these cells are destined to differentiation and ultimate destruction. He 
sees in irradiation, when effective, an effect mainly on the souche cellu- 
laire. This souche cellulaire in different tumors shows different radio- 
sensitivities. Regaud believes that, for instance, in the cervix, those 
tumors are more radiosensitive where the souche cellulaire comprises a 
small portion of the growth and where there is a pronounced tendency 
for the development of collateral lines of adult squamous character. 
The experience at the Memorial Hospital has been somewhat different. 
Ewing believes that the capacity for growth of differentiating squamous 
cells in squamous carcinoma is long retained and that they may at a 
late period become mother cells. I favor the latter opinion. Late 
recurrences in many squamous carcinomas, when repeated biopsies have 
shown only atrophic-looking, hyaline squamous pearls, seem to reveal 
even the differentiated cell of squamous carcinoma in a sinister light. 

Regaud looks on glandular carcinomas with evidences of secretion 
as radioresistant, since they represent differentiated adult characters. 
I am fully in agreement with this contention. Furthermore, overpro- 


duction of secretion, mucin, etc., appears antagonistic to irradiation 
fibrosis. 


25. Regaud, C.: Radiophys. et radiothérapie 1:443, 1930. 
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Regaud states that prior treatment with radiation followed by 
regeneration of the tumor is succeeded by radioresistance. Microbic 
invasion with evidences of inflammation diminishes radiostnsitivity. 
This is likewise the view at the Memorial Hospital. Inflammation 
appears to interfere with the normal response of the tissue bed. 

All experienced workers in the field of radiation emphasize the 
importance of the integrity of the tumor bed. The integrity of the cir- 
culation for a normal response to radiation has been shown experi- 
mentally by Jolly.*° He proved that vasoligation prior to irradiation 
diminished the effect of radiation. Mottram *’ stated that if experi- 
mental tumors are irradiated and left for four or five days in the animal 
and then transplanted, they are less apt to grow than when they are 
irradiated and transplanted immediately. He believes that the difference 
is due to the effect of radiation on the blood supply. The effect of 
ischemia in diminishing sensitivity has been shown by Ferroux, Jolly 
and Lacassagne ** and by Ferroux and Regaud.*® One must distinguish 
between initial ischemia and ischemia developed as a result of irradiation. 
In resistant tumors, when an effort is being made to reduce the rate of 
tumor growth, an induced ischemia appears highly desirable. It is well 
known that massive destruction of a tissue bed by radiation is dan- 
gerous. With irradiation paralysis of fibroblastic activity, residual 
tumor cells may proliferate with great rapidity. A quotation from 
Lacassagne *° may be appropriate. He stated: 

Si le but a atteindre en radiothérapie des cancers doit étre avant tout de 
détruire les cellules néoplastiques, il ne faut pas méconnaitre cependant l’importance 
qu'il y a a ménager les tissus généraux. En realisant ces deux objectifs, on obéit 
a une ligne de conduite depuis longtemps formulée, et qui semble la meilleure con- 
dition de succés: administrer, a toutes les cellules cancéreuses, la plus forte dose 
compatible avec l’intégrité des tissus sains. (If the goal to be attained in radio- 
therapy of cancers is, above all, the destruction of the neoplastic cells, one must 
not disregard the importance of exercising caution with regard to the general 
tissues. In realizing these two objectives, one follows a line of conduct formulated 
long ago which seems to be essential to success: administer to all the cancerous 
cells the strongest dose compatible with the integrity of the healthy tissues.) 


The question may be asked as to what type of tumor response indi- 
cates radiosensitivity. LLymphosarcomas are radiosensitive. They dis- 
appear dramatically. On the other hand, there are certain neurogenic 
sarcomas which vanish under irradiation. These are rare. Their dis- 
appearance is slow and progressive and may require a year for com- 


26. Jolly, J.: Compt. rend. Soc. de biol. 91:532, 1924. 

27. Mottram, J. C.: Brit. M. J. 1:275, 1927. 

28. Ferroux, R.; Jolly, J., and Lacassagne, A.: Compt. rend. Soc. de biol. 
7646, 1926. 

29. Ferroux, R., 2nd Regaud, C.: Compt. rend. Soc. de biol. 97:663, 1927. 
30. Lacassagne, A.: Radiophys. et radiothérapie 1:401, 1930. 
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pletion. Obviously, these tumors are not sensitive in the ordinary sense. 
The process is one of slow sclerosis. Such examples might be multiplied 
many times. Then, again, there is the response of uterine myomas to 
radiation. Here it is extremely likely that the process has essentially 
nothing to do with the influence of radiation on the myoma, and that 
the chief effect is on the ovary. This is not radiosensitivity. I should 
define radiosensitivity as that combination of circumstances resident in 
the tumor or the host which permits marked or total local tumor 
regression under doses of radiation sufficiently small to preserve the 
essential integrity of the host’s tissue. This definition eliminates from 
the sensitive group those tumors which require heavy interstitial irra- 
diation. In defining the integrity of the host tissue I mean essentially 
the immediate integrity and am less concerned with late vascular dis- 
turbances. The definition is admittedly unsatisfactory. Many tumors 
usually regarded as radiosensitive are close to the borderline. Witness, 
for example, the hypopharyngeal group in which after external irra- 
diation by divided dose methods the tumor may completely regress, and 
yet the tissue may be so damaged, although soft and pliable to external 
examination, that by progressive vascular changes, especially with minor 
infections or injuries, an extensive late necrosis may result. This is due 
to the fact that although these tumors tend to regress markedly under 
intermediate ranges of irradiation it is known that, with doses approach- 
ing the limit of tolerance, they may be completely sterilized. Thus the 
doses used usually reach nearly the limit of tolerance in the effort to 
cure a radiosensitive tumor completely. 

The term “total” local tumor regression as used in the definition 
is also unsatisfactory. It is meant to imply complete absence of 
clinically ascertainable disease in the area treated. This does not 
necessarily mean absence of histologic disease, since it is often a fact 
that apparently highly sensitive tumors reappear in an almost explosive 
fashion after seemingly complete anatomic regression. Thus, radio- 
sensitivity does not necessarily mean that the tumor may be cured by 
irradiation. Moreover, as will be seen later, histologic disease may not 
mean clinical disease. 

Degrees of radioresistance are likewise recognized. Tumors which 
require large doses of interstitial radiation are considered resistant, but 
radioresistance does not necessarily mean that the disease is not con- 
trollable by radium. It should be emphasized that the relative character 
of sensitivity and resistance must dominate the discussion. 

The reader must realize that efforts to correlate tumor structure with 
response to radiation constitute a relatively new field of radiologic 
pathology. In the case of certain tumors, notably the epidermoid car- 
cinomas, definite progress has been made, and yet considerable differ- 
ences of opinion exist. Much information is available concerning the 
various embryonal carcinomas, the lesions of the lymphatic and myeloid 
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apparatus and tumors of the bone, and the extreme radioresistance of 
specific types of tumors, such as melanomas or neurosarcomas, is well 
known. With many other tumors the available information is much too 
scanty to enable one to draw definite conclusions. For example, little 
is known concerning the relation of structure to radiosensitivity in car- 
cinomas of the corpus uteri, although these lesions have been treated by 
radiation in some clinics for years. Little is known of the comparative 
behavior of different types of cancer of the breast and ovarian car- 
cinoma, and essentially nothing regarding tumors of the bladder, pros- 
tate and gastro-intestinal tract. There is a common tendency to confuse 
grade of malignancy with radiosensitivity, although these properties are 
in many instances quite distinct and independent, although they parallel 
one another occasionally. Radiosensitivity is confused with cure by 
irradiation. Many papers show little or no effort to correlate successes 
or failures with pathologic findings, and there is a tendency casually to 
dismiss the failures without an attempt at pathologic analysis. 

It is my intention to discuss in the following pages the behavior to 
irradiation of the various tumor types, dealing with them largely as spe- 
cific entities, with the idea that generalities, as usually expressed, afford 
the practical radiotherapeutist rather small information on what may be 
anticipated with the individual tumor. The effort has been to produce 
a practical paper rather than one dealing purely with the theoretical 
and analytic aspects of radiosensitivity. Of several hundred references, 
those have been selected in which the authors made some statement as to 
a correlation between structure and sensitivity even though merely to 
the effect that none could be detected. In the case of some tumors it 
has been possible to state only that a certain author observed disappear- 
ance of tumors with external irradiation alone, thus offering a proof 
of the existence of a limited number of radiosensitive tumors of the 
region concerned, without specification as to histologic types. It has 
been found impracticable to cover the entire radiologic literature on the 
subject, and hence only more significant contributions have been quoted. 
The radiologic literature has grown at such a rate that I offer no apology 
for this restriction. 

In illustration, an effort has been made to picture specific groups 


only, rather than to produce a histologic atlas of neoplastic diseases. 


INTRA-ORAL CARCINOMA 


Much is known about the radiosensitivity of intra-oral carcinoma. 
Errors in properly predicting the irradiation behavior of intra-oral 
cancers show that much remains to be learned. Intra-oral cancer is not 
a single disease but a group of related entities varying in structure, 
irradiation behavior and clinical course. Tumors of similar structure 
and in similar anatomic settings may behave differently in different 
persons. Regaud has emphasized that the cells of origin (souche cellu- 
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Fig. 2—Intra-oral cancer; highly resistant spindle cell epidermoid carcinoma (A) beneath 
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epidermis and (8) invading muscle. 
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laire) differ in sensitivity in different portions of the same tumor and 
hence obviously from one tumor to another of similar structure. This 
does not necessarily mean that predictions of radiosensitivity are of no 
value. In checking over the cases of approximately 100 patients with 
hypopharyngeal tumors who were treated within the last two years at 
the Memorial Hospital, I found that the predicted radiosensitivity was 
erroneous in about 10 per cent. The error has usually been in the direc- 
tion of an underestimated rather than an overestimated sensitivity. If 
one attempts to judge sensitivity from the section alone, the errors are 
increased. I prefer to know the gross character of the lesion, the exact 
location and the duration of the disease. It is important to know 
whether the gross lesion is decidedly papillary in structure, since 
papillary tumors are apt to be more sensitive. The location is important, 
since tumors of the same structure histologically differ somewhat in 
their radiosensitivities in different regions. Tumors of long duration 
and with pronounced infiltrative characters are apt to be desmoplastic 
and correspondingly resistant. 

Epidermoid carcinomas of the oral cavity differ in structure. The 
adult squamous carcinomas tend to occur on the lip, the dorsum, tip and 
lateral borders of the tongue, the alveolar ridges, the hard palate, the 
buccal mucosa, the pharyngeal vault and the true vocal cords (figs. 3 
and 4). As a group these tumors are radioresistant. In a series of 
patients treated by measured doses, Martin, Quimby and Pack ** esti- 
mated that they require from 7 to 10 skin erythema doses ** for control. 
This requirement places these tumors in the resistant class, since their 
regression appears to require interstitial irradiation in some form. It 
is well known that these doses approach the tolerance of the normal 
structures of the oral cavity. Hyaline necrosis of the lingual muscle 
in the vicinity of the lesion always results. If the tumors are near bone, 
i. e., on the alveolar ridge, this dose may result in osteomyelitis or pro- 
ductive and rarefying osteitis, especially when the lesion is accompanied 
by pronounced dental and oral sepsis. If the lesion invades bone it is 
extremely radioresistant. Irradiation, with this dose, of lesions of the 
pharyngeal vault results in vertebral osteitis or periosteitis, with fibrosis 
of the prevertebral fascias, which leads to prolonged pain. Vascular 
lesions and hemorrhages are common, especially with lesions situated 
toward the base of the tongue and hypopharynx. In debilitated persons 
the epithelitis may result in aspiration pneumonia or abscesses of the 
lungs. The radiosensitivity of the adult squamous carcinomas varies. 


Occasionally, a papillary lesion of pronounced adult structure is quite 


31. Martin, H. E., and Quimby, E. H.: Am. J. Roentgenol. 23:173, 1930. 
Martin, H. E.; Quimby, E. H., and Pack, G. T.: ibid. 25:490, 1931. 

32. I appreciate the desirability of expressing doses in roentgens. So far, radon 
doses cannot be so expressed. 
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sensitive. Pronounced infiltrative properties resulting in desmoplastic 
features usually mean higher resistance. There exists a group, fortu- 
nately small, of spindle cell epidermoid carcinomas made up of large 
spindle cells, producing a pseudosarcomatous appearance (fig. 2). 
These lesions are extremely resistant. They recur after doses sufficient 
to destroy much normal tissue. After unsuccessful irradiation of the 














° 











usual squamous carcinoma of the oral cavity, the recurrence may exhibit 
marked desmoplastic characteristics, or else the tumor may show a 
spindle cell metaplasia. When metaplasia is present, the tumor is 
extremely resistant. It is believed that any prior unsuccessful irradi- 
ation increases the radioresistance of the tumor and the sensitivity of 
the surrounding tissues. It is well to recall Regaud’s statement: “le 
traitement antérieur a forte dose par les radiations, suivi de repullula- 
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tion, crée peu a peu un état de radioimmunisation absolue” (previous 
treatment, by irradiation with high doses, creates, little by little, a state 
of absolute radioimmunization). Tumor cells surrounding radium 
ulcers with infection are resistant. 

Carcinomas of the anterior floor of the mouth are apt to be papil- 
lary. They are rather soft, fungating, pinkish, vascular growths which 
may excavate early. They are often of the mucous membrane type— 
that is, with a slight tendency to pearl formation—and moderately ana- 





Fig. 4.—Intra-oral cancer; relatively differentiated radioresistant squamous 
carcinoma. 


plastic. These tumors tend to be relatively radiosensitive, though not 


highly so. Marked regressions may be expected under large doses of 
external radiation, but supplemental interstitial irradiation is usually 
necessary for complete local control. The mucosa of that region is 
rather more sensitive than that of the tongue. Furthermore, the region 
is a dependent one. This fact, coupled with the tendency toward early 


excavation, tends to lead to unpleasant radium ulcers after interstitial 
irradiation. Sepsis then spreads occasionally through the fascias of the 

q - E 7 

oor of the mouth as far as the larynx, and death results from laryngeal 
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Most carcinomas of the lip are radioresistant. They are sufficiently 
so to require either radiation from three surfaces by radium or radon 
applied in plastic molds, or buried radium, in order to secure regression. 
With these methods Regaud and his colleagues ** reported 86 per cent 
local cures. Squamous carcinomas of the buccal mucosa tend to be 
radioresistant. 

Carcinomas of the hypopharyngeal region, tonsil, base of the tongue 
and soft palate tend to be from moderately to highly radiosensitive. 
There seems to be a fairly close correlation between histologic structure 
and radiosensitivity. This is shown by the studies of Coutard,** and 
is amply confirmed by the experiences at the Memorial Hospital, those 
of Berven * dealing mainly with tonsillar tumors, and the studies of 
others. Coutard divided his tumors into six types: (1) nonepidermoid 
epitheliomas, (2) lympho-epitheliomas, (3) epidermoid epitheliomas 
of the mucosal type, with little differentiation and with basal cells 
predominating, (4) well differentiated epitheliomas of the mucous 
membrane, with varying degrees of stratification, (5) epitheliomas 
approaching the structure of cutaneous types and (6) special vari- 
eties, notably the glandular epitheliomas. The nonepidermoid epi- 
thelioma consists of cells of equal size, decidedly embryonal in 
character, with nuclei of uniform size and containing a fine chromatin 
network. I am uncertain just how this type fits with our own classifica- 
tion at Memorial Hospital. Coutard secured his best results in classes 
1,2 and 3. He reported but 1 cure in 13 cases of type 4; 1 in 8 cases of 
type 5, and 1 in 5 cases of type 6. At the Memorial Hospital we employ 
a simpler classification, namely, squamous carcinoma with varying 
degrees of adult character as judged by cornification, transitional cell 
carcinoma (fig. 5), lympho-epithelioma (Regaud and Schmincke types) 
and adenocarcinoma. We find lympho-epithelioma (figs. 6 and 7) highly 
sensitive as a rule ; transitional cell carcinoma, from moderately to highly 
sensitive; the undifferentiated squamous carcinomas, moderately sensi- 
tive; the differentiated squamous carcinomas, relatively resistant, rarely 
from moderately to highly sensitive, and the glandular types, radio- 
resistant. Even spindle cell cancers may be sensitive when they occur 
posterior to the anterior palatoglossal fold. Berven insisted on the 
importance of histologic determinations of radiosensitivity, and Coutard 
expressed the belief that the histologic structure of tumors of the 
pharynx and larynx outweighs in importance, for therapeutic purposes 


and prognosis, even the extent of involvement of the cervical nodes. 


33. Regaud, C.; Lacassagne, A.; Roux-Berger, J. L.; Coutard, H.; Monod, O.; 
Pierquin, J., and Richard, G.: Strahlentherapie 26:221, 1927. 

34. Coutard, H.: Radiophys. et radiothérapie 2:541, 1932. 

35. Berven, E. G. E.: Malignant Tumors of the Tonsil, Acta radiol., supp. 
11, 1931, p. 1. 
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Coutard noted that the time of appearance of radio-epithelitis varies 
in different portions of the oral cavity and indicates a varying sensitivity 
of these territories which corresponds in general to the sensitivities of 
tumors arising from these regions. Thus, the earliest region to show 
membrane formation is the mucosa of the tonsillar pillars and the soft 


palate. The vallecula, the pharyngolaryngeal folds and the floor of the 


mouth show inflammatory changes slightly later. The laryngeal aspect 


of the epiglottis, the interarytenoid space and the base of the tongue 





Fig. 5.—Intra-oral cancer; relatively radiosensitive transitional cell carcinoma. 


require a slightly larger dose to produce epithelitis, and the inflammatory 
process on the vocal cords and dorsal and anterior aspects of the tongue 


does not appear until several days later. The time of appearance of 


these lesions corresponds fairly well to what is known of the sensitivity 
of tumors arising in the regions. 


According to our own ideas, the time 
of appearance of the epithelitis on the cheek and on the mucosa over 
the mandible (according to Coutard, the epithelitis appears there before 


it does over the base of the tongue) does not fit with the observed 
resistance of tumors in this location. 
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It has been emphasized that although these hypopharyngeal, uvular 
and tonsillar types are generally radiosensitive, the doses to which they 
respond with complete regression are often close to the limit of normal 
tissue tolerance. Naturally, this normal tissue tolerance varies somewhat 
in different persons. A dose sufficient to cause marked regression or 
sterilization almost invariably causes xerostomia and disturbances in the 
sense of taste. It may cause chronic edemas, chronic fibrosing myositis 
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Fig. 6.—Intra-oral cancer; radiosensitive lympho-epithelioma, Schmincke type. 
Bulky tumors may show complete clinical regression with very little irradiation. 
Total sterilization requires much larger doses as a rule. 


and necrosis of the bone or cartilage. Hemorrhages are rather rare. 
Coutard observed the development of carotid aneurysms in four patients 
as long as two years after irradiation. Neuritis with amyotrophic 
atrophy and paralysis has occurred. Sclerosis of the small bones of 
the middle ear, deafness and cataracts have resulted. Radiation suff- 
cient to produce tumor regression has in some instances led to massive 
laryngeal necrosis some months after the irradiation. This results in 
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part from progressive endarteritis, especially when associated with latent 
infection in areas of cartilage necrosis. Coutard believes that these 
cartilage necroses are for the most part the result of actual invasion of 
the cartilage by tumor, and the experience at the Memorial Hospital 
points to the same conclusion. 

The statement has been made that metastases of the lymph node are 
more radiosensitive than the primary tumors. There is no agreement 
among radiologists and pathologists on this point. I believe, from a 











Fig. 7—Intra-oral cancer; radiosensitive lympho-epithelioma, Regaud type. 


survey of a large number of cases at the Memorial Hospital, that the 
sensitivity of metastases of the lymph node may be quite different from 
that of the primary tumor, but that it does not vary in a constant direc- 
tion. Nodes may be more or less sensitive. They tend, I believe, to be 


slightly more resistant. In a review of sixty recent intra-oral lesions | 


found but two instances in which the nodes completely regressed, but in 
which the primary lesions persisted. There are numerous instances of 
regression of the primary lesions but persistence of the nodes. In each 

ise the fact that the node contained cancer cells was shown by aspira- 
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tion. They were not merely hard, sclerotic nodes. Without histologic 
material in some abundance from the nodes of oral cancer prior to the 
irradiation, I doubt whether one can say why they do or do not regress, 
It might be interesting to compare the irradiation behavior of nodes with 
their known duration. It is probable that rapidly developed, more or 
less fulminating metastases of the lymph nodes might be more sensitive 
than the primary lesions. On the other hand, some intra-oral carcinomas 
metastatic to nodes become decidely desmoplastic. Such nodes should 
be resistant. Moreover, there is a pronounced tendency for liquefaction 
and central sloughing with cavitation in the older nodes and rarely in 
the acute metastases. Such nodes might be expected to be more 
resistant. Lymph nodes the site of metastatic cancer undergo sclerosis 
under amounts of radiation which have little effect on uninvolved nodes. 
The normal lymph node is a radioresistant structure. When carcinoma 
has escaped from the confines of a node and infiltrates the fascias, it 
tends almost uniformly to be radioresistant despite its other histologic 
characteristics. 

The miscellaneous tumors of the minor salivary glands, mixed tumors, 
adenoid cystic epitheliomas and adenocarcinomas of the intra-oral cavity 
are still insufficiently studied as to their behavior under irradiation. 
Very few are radiosensitive, and most of them possess the resistance of 
adult squamous cancer. At the Memorial Hospital no patients have 
been cured by external irradition. Berven reported the tumors as 
resistant, and he has had no cures by external irradiation. Coutard 
regards them as resistant. 

Owing to their location in bone, adamantinomas do not encourage 
aggressive irradiation. Irradiation as a prelude to surgical intervention 
appears to have little logic. The adamantinoma group is complex. In 
structure, the tumors vary from rather quiescent, largely cystic tumors, 
through the classic textbook adamantinoma, to atypical glandlike growths 
and tumors closely resembling squamous cancer. Their behavior under 
irradiation must doubtless vary with their structure, but adamantinoma 
is not a common tumor and observations are so far insufficient to 
enable one to express any opinion as to the sensitivity or resistance of 
given types. 


TUMORS OF THE PAROTID AND SUBMAXILLARY GLANDS 


These tumors constitute a complex group. The results of surgical 
removal of the relatively benign mixed tumors appear to be rather 
unsatisfactory. In Benedict and Meig’s series, 13 of 41 patients had 
one or more recurrences. On the other hand, the surgical treatment of 
patients with true carcinomas is nearly 100 per cent disastrous. The 
bad results of surgical intervention even in the most competent hands 
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should encourage attempts at an irradiation approach to this problem. 
Even with the seemingly encapsulated mixed tumors it is difficult to 
predict the structure before operation. Many mixed tumors show areas 
of epidermoid carcinoma of the salivary ducts or of adenoid cystic 
adenocarcinoma. The former tend to recur locally and to metastasize 
to regional nodes. The latter may metastasize as widely as any known 
tumor. Their metastases to bone may be so extensive that roentgen- 
ograms will suggest multiple myeloma. I have seen an impressive 
number of adenoid cystic carcinomas metastasize to bone, and have seen 
them yield not only the usual visceral metastases, but also metastases to 
the spleen, pancreas, ovaries and uterus. Our patients with diffusely 
metastasizing tumors all had repeated surgical treatment, which may 
well have been a factor in the wide dissemination of the tumors. 
Unfortunately, these tumors of the salivary gland are not very radio- 
sensitive. At the Memorial Hospital some mixed tumors have yielded 
to interstitial irradiation and have, as shown by subsequent removal, 
been reduced to inert hyaline masses. In rare instances external irradia- 
tion has resulted in complete regression of what were clinically mixed 
parotid tumors. Complete regression of a verified mixed parotid tumor 
under external irradiation is a rarity. Belot and Menegaux ** reported 
the cure of a patient with a pathologically verified, recurrent, mixed, 
parotid tumor by external irradiation. Wickham ** described 5 success- 
ful results by surface application of radium in mixed tumors. All were 
in patients with residua or recurrences following surgical intervention. 
With 5 tumors described as “epithéliomas de morphologie imprécise 
intermédiaire entre le malpighien et le glandulair atypique se rapprochant 
plus ou moins de l’une ou de l’autre de ces formes” (epitheliomas of 
uncertain morphology, intermediate between the malpighian and the 
atypical glandular forms, resembling, more or less, one or the other of 
these forms), he related 1 failure with combined surface and interstitial 
irradiation, another with surface irradiation only, 1 death from hemor- 
rhage following combined treatment and 2 failures after surface applica- 
tions. From his descriptions it is inferred that his cases of failure 
corresponded to the type we classify as adenocarcinoma or as adenoid 
cystic carcinoma. Wickham reported 1 complete regression, but the 
time interval is too short to call the patient cured. In a single patient 
with a purely “glandular epithelioma” the tumor regressed markedly, 
but since the patient refused to complete the treatment, the tumor 
rapidly recurred. From Wickham’s report one would conclude that the 
mixed parotid tumors are more sensitive than the cellular adeno- 


36. Belot, J., and Menegaux, G.: Bull. Assoc. frang. p. l'étude du cancer 19: 
366, 1930. 


37. Wickham, Y. L.: Bull. Assoc. franc. p. l'étude du cancer 19:370, 1930. 
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carcinomas. Balestra ** stated that radiation is of considerable value in 
mixed parotid tumors, leading in some to complete disappearance and 
in others to considerable reduction in size. Apparently the complete 
disappearance required interstitial therapy. Schreiner and Mattick * 
reported the cases of 16 patients with mixed tumors who were treated 
by irradiation as the primary method. Of these, 3 had complete 
regression; 7 were clinically cured, but a hard indurated nodule 
remained; 1 was unimproved; 1 was lost track of, and 4 died. Of the 
last, 2 died of other causes. None of these patients was treated with 
external irradiation, yet the series shows that a fair proportion of mixed 
parotid tumors is sufficiently sensitive to yield to interstitial irradiation, 
senedict and Meigs *° did not speak enthusiastically of radiation. On 
the other hand, no evidence is presented in their paper that any irradia- 
tion program designed along modern physicobiologic lines to effect a 
cure by radiation had been adopted. Their figures are illuminating 
from the point of view of prognosis after purely surgical intervention. 
Taken as a whole (all tumors of the major salivary glands included), 
recurrences after surgical intervention average about 50 per cent. Of 
18 sarcomas, 17 were fatal, and 1 patient was alive with disease. One 
must question the diagnosis in any such number of sarcomas. Were 
not many of them myxosarcomatous in structure and hence clearly 
epithelial according to the modern concept of metaplasia in the salivary 
gland group? Of 20 patients with carcinomas, 18 died of the disease, 
1 died with the disease still present, but of another cause, and 1 was alive 
three years without evidence of tumor. Of 41 patients with mixed 
tumors, 13 had recurrences after surgical intervention, several being 
multiple recurrences. The results are far from encouraging. 

It would appear that the less malignant tumors of the salivary gland, 
the mixed tumors in contradistinction to the adenocarcinomas, are the 
more amenable to radiation. From their structure one would not assume 
this to be the case. The adenocarcinomas are more cellular; their cells 
are smaller and more closely packed, and their blood supply appears less 
stable. The behavior of the mixed tumors is probably related to their 
natural history. They tend to grow slowly; periods of quiescence 
alternate with periods of growth. Certain of them appear self-limited. 
Surgical statistics seem to indicate that even the rupture of these tumors 
with spilling of contents at the time of operation does not necessarily 
lead to recurrence. Their tendency in many cases to regress under 
irradiation is probably the result of chronic “discouragement” of cells 
the neoplastic properties of which are by no means always aggressive. 


38. Balestra, G.: Radiol. med. 16:574, 1929. 
39. Schreiner, B. F., and Mattick, W. L.: Am. J. Roentgenol. 21:541, 1929 
40. Benedict, E. B., and Meigs, J. V.: Surg., Gynec. & Obst. 51:626, 1930. 
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The submaxillary salivary tumors are almost always true aggressive 
carcinomas and are highly malignant. They are not radiosensitive, and 
treatment by any means seems unsatisfactory. 


CARCINOMA OF THE NASAL MUCOSA AND SINUSES 


Many carcinomas of the mucous membrane of the nose and nasal 
accessory sinuses are radiosensitive. Markedly sensitive epidermoid 
carcinomas exhibit the structure of transitional carcinoma or of lympho- 
epithelioma. Schneiderian carcinomas, if decidedly anaplastic, are radio- 
sensitive. When they contain much mucus they are radioresistant. 
These radiosensitive tumors of the nasal mucosa and sinuses are apt to 
recur with great rapidity after an initial pronounced regression. When 
they metastasize to nodes, the nodes are sensitive. Their tendency to 
metastasize is not as great as their high cellularity might lead one to 
anticipate. When they do metastasize, they are apt to spread widely and 
yield distant visceral metastases. Many remain local and cause death by 
hemorrhage, sepsis and erosion of the regional bony structures. 

Radioresistant squamous carcinomas develop either locally or on the 
basis of a diffuse polyposis of the mucosa of the nose or sinuses. 
Epidermoid carcinomas of varying structure may develop in the region 
of the ethmoid cells. They have not been sensitive tumors. Interstitial 
irradiation has resulted in meningitis. Carcinomas of the mastoid cells 
have been extremely difficult irradiation problems owing to their location 
in bone. There exists, however, a small group of anaplastic tumors 
with decidedly embryonal cells. Thes- lesions occur in children. They 
may first present themselves in the mastoid area, although they seem to 
arise primarily in the region of the tonsil or the eustachian tube. They 
are extremely radiosensitive. 

Certain vascular papillary or polypoid tumors of the nasal region 
variously classed as-angiofibromas or angiosarcomas, although not radio- 
sensitive in the usual sense, may nevertheless undergo slow sclerosis 
after repeated irradiation. Portmann, Bonnard and Moreau *' have 
described a radiosensitive tumor of the nasal region under the term 
“esthesioneuroblastome.” It is said to arise from neuroblastic cells and 
is hence quite. distinct histogenetically. 


CARCINOMA OF THE LUNG 


Primary bronchogenic carcinomas often show a structure which 
would lead one to believe they were radiosensitive. This is especially 
true of the so-called oat cell carcinomas. Despite this fact irradiation 
of cancer of the lung has been on the whole unsatisfactory. There is 


41. Portmann, Bonnard and Moreau: Acta oto-laryng. 13:52, 1928. 
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little evidence that it prolongs life in the majority of cases. At the 
Memorial Hospital there is but a single patient with proved bronchogenic 
carcinoma alive, but with disease, five years after treatment was 
instituted. I have witnessed pronounced regression of anaplastic 
carcinoma of the mucous glands. Most radiologists find little cause for 
elation in the therapy of cancer of the lungs. Paterson,** in 19 cases, 
found no prolongation of life, but noted temporary improvement in all 
but advanced tumors. On the other hand, Leddy and Vinson ** have 
quite recently reported definite palliative results. Of 42 patients treated, 
10 were living from fifteen months to four years after a diagnosis of 
bronchogenic carcinoma was made. Thus, it would seem that a certain 
number of such tumors are sufficiently radiosensitive to permit of 
definite palliation. 
CARCINOMA OF THE ESOPHAGUS 


Epidermoid carcinomas of the esophagus form another discouraging 
field for the radiologist. Few show a structure suggestive of radio- 
sensitivity, and in these there is little actual proof that they behaved 
like sensitive lesions. In fact, in a large series of esophageal lesions I 
have seen much more evidence of actual irradiation effect, histologically, 
in the relatively adult squamous carcinomas, in which the treatment may 
result in increased cornification, degenerative hyalinization, abortive 
atypical mitotic divisions and ballooning degeneration of tumor cells. 
There is a great variation in the effect of the radiation on different 
tumors of seemingly similar histologic structure. Naturally, the dose 
that can be administered to these tumors does not approach that which 
is known to be effective on other epitheliomas of the same .ype. Neither 
does it appear that the degree of regression observed with the very 
cellular tumors of the oropharynx is approached in the case of 
esophageal lesions of similar structure with the same dosage. The 
esophagus is a thin-walled viscus. Many of the tumors are outside the 
esophagus when first seen, adherent to adjacent structures, and are 
already ulcerated and desmoplastic. The patients are often greatly 
emaciated and anemic and are unsatisfactory subjects for irradiation. 
I have the impression that the glandular tumors of the lower part of 
the esophagus or cardia, so situated that they obstruct the esophagus, 
are slightly more sensitive, although my experience is slight with this 
variety. In the case of a patient with this type of lesion treated recently 
at the Memorial Hospital, ability to swallow was regained in part, and 
the patient gained 18 pounds (8.2 Kg.) in a few weeks. The dose 


employed was much larger than the usual one and of such magnitude 


42. Paterson, Ralston: Brit. J. Radiol. 1:90, 1928. 
43. Leddy, E. T., and Vinson, P. P.: Proc. Am. Roentgen Ray Soc., 1932. 
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that probably few patients would have tolerated it. The same degree of 
palliation might possibly have been attained by dilation alone. 

Zuppinger ** has recently expressed the opinion that esophageal 
carcinomas should be a relatively favorable type for radiation, since for 
the most part they are epidermoid in structure (Pflasterzellkarzinome), 
in a measure radiosensitive as opposed to glandular carcinomas. The 
author discussed his technic and reported the cases of 4 patients treated 
by his methods. Aside from the assumption that the epidermoid tumors 
are more sensitive than the glandular growths, Zuppinger has nothing 
to say regarding specific radiosensitivities. In fact, if one judges by the 
case reports in the paper, glandular tumors (carcinoma cylindrocellulare 
adenomatosum and carcinoma solidum simplex et colloides partim adeno- 
matosum cylindrocellulare), actually gave better responses to radiation 
than did the epidermoid tumors, thus seeming to offer denial to 
Zuppinger’s original premise. He concludes with the statement that the 
histologic findings are a guide to the choice and amount of treatment, 
although precisely how that conclusion can be drawn from the subject 
matter of his paper I am unable to state. 

I am inclined to question clinical evidence that glandular carcinoma 
of the cardia is either more or less sensitive than epidermoid cancer of 
the esophagus. Much of the symptomatology of carcinoma of the 
cardia depends on actual obstruction, whereas in the esophagus the 
presence of ulceration markedly interferes with the function of an organ 
the seat of a vigorous peristaltic wave motion. Wholly different 
mechanisms may well be the basis for clinical alterations following 
irradiation, and unless one has a rather broad concept of what is meant 
by radiosensitivity, the matter appears too vague to discuss. 


CARCINOMA OF THE STOMACH, COLON AND RECTUM 


The epithelium of the stomach is not very radiosensitive. Of the 
gastric glands, those of the pyloric region appear most resistant. The 
peptic glands are less so. Both parietal cells and chief cells are 
moderately sensitive, especially the latter (Regaud and Lacassagne **). 
The epithelium of the intestinal villi and that of the glands of Lieber- 


kiuhn are relatively sensitive. For a description of the irradiation of 
lesions of the gastro-intestinal tract, the reader is referred to the paper 
of Regaud, Nogier and Lacassagne.*® 


Unfortunately, the comparative sensitivity of certain portions of the 
gastric mucosa seems to have little bearing on the behavior of gastric 
cancer. Radiosensitive gastric cancers are rare. Furthermore, there is 


44. Zuppinger, A.: Strahlentherapie 28:639, 1928. 


45. Regaud, C.; Nogier, T., and Lacassagne, A.: Arch. d’électric. méd. 20: 
321, 1912; Paris méd. 8:489, 1912. 
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essentially no information available on the relation between tumor 
structure and the rare favorable response to radiation. Occasional 
encouraging results of irradiation have been obtained in several clinics 
( Holfelder,*® Schmidt,**? Werner ** and others). At the Memorial Hos- 
pital I have seen a few palliative results and an apparent cure, now of 
nearly four years’ duration. This patient had a bulky inoperable lesion 
filling the fundus and obstructing the cardia. She was subjected to 
laparotomy, and a biopsy specimen was obtained. The microscopic 
diagnosis (Ewing) was a cellular, small cell, diffuse carcinoma. Under 
irradiation the mass completely vanished, and the patient remains well. 
Personally I am not wholly satisfied that the tumor is not a gastric 
lymphosarcoma. I have observed other favorable, but only palliative, 
results with tumors of the cardia. It is interesting to note that Holfelder, 
ten years ago, stated that carcinomas of the cardia and lesser curvature 
were more favorable for irradiation, although he based his statement on 
technical grounds. He saw no means of predicting irradiation behavior 
from the gross form or microscopic structure of the tumors. 

Schmidt reported the results of irradiation in 30 cases of gastric 
cancer. Only 1 highly favorable result was obtained. Twenty-one of 
the patients died, and 8 were lost sight of. Twenty-nine of the 30 were 
inoperable cases; the other was a postoperative recurrence. Schmidt is 
frankly pessimistic even as regards the apparent cure. He stated: 


Mag der eine oder der andere Fall radiosensibler sein und die Ursache nach 
Analogie anderer Tumoren in biologischen Eigentiimlichkeiten (regere Zellteilung ?) 
zu suchen oder mag es sich in unserm Fall um eine der seltenen Remissionen 
gehandelt haben, die nicht durch die Strahlentherapie hervorgerufen sind, auf jeden 
Fall ist das Fazit aus unseren bisherigen Bestrahlung so wenig ermutigend, dass 
wir nach dem heutigen Stand der Dinge mit Jiingling nicht einmal das inoperable 
Magencarcinom systematisch bestrahlen. (May certain cases be more radiosen- 
sitive, and may the cause, by analogy with other tumors, be found in biologic 
peculiarities [more active cell division?], or may our case have been one of the 
rarely occurring remissions that are not produced by ray therapy; at any rate, 
the conclusion derived from our irradiation up to now gives little encouragement, 
so that on the basis of the present status of the matter we agree with Jiingling 


and do not employ systematic irradiation even in inoperable carcinoma of the 
stomach. ) 


With the exception of a few bulky, cellular, papillary adenocar- 
cinomas of the cecum, the carcinomas of the large bowel appear radio- 
resistant. Rectal carcinomas vary greatly in their sensitivity. 
Lacassagne *® found the majority of them resistant. In reviewing 


46. Holfelder, H.: Strahlentherapie 15:715, 1923; 42:497, 1931. 

47. Schmidt, Walter: Strahlentherapie 30:197, 1928. 

48. Werner, R., in Gauss, C. J., et al.: Lehrbuch der Strahlentherapie, Berlin, 
Urban & Schwarzenberg, 1925, vol. 2. 

49. Lacassagne, A.: Radiophys. et radiothérapie 2:577, 1932. 
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sections on several hundred rectal cancers, I find that I am unable save 
rarely to predict the behavior of a rectal carcinoma to radiation. The 
stenosing fibrocarcinomas are certainly radioresistant. The colloid 
carcinomas are resistant. Very cellular, solid, infiltrating carcinomas 
with essentially no glandular structure often regress, but tend to recur 
rapidly in a few months. Adenoma destruens varies markedly in its 
behavior. Radiosensitivity has been noted especially with papillary 
glandular tumors composed of peculiarly delicate-looking, hydropic 
cells resembling embryonal cells. There is little in the histology of rectal 
cancer which would lead one to suspect radiosensitivity. In fact, usually 
all the features point to a resistance-glandular origin: the presence of 
secretion, desmoplastic features in tumors of fair duration, pronounced 
fibrosis in the stenosing types, ulceration and deep infection. Despite 
years of effort in the direction of cure of rectal cancer by radiation, 
successes are few. At the Memorial Hospital it is the feeling that 
operable rectal cancer is usually a surgical problem unless the tumor is 
small and readily accessible. Binkley * has 22 patients well from two 
to seven years after irradiation or irradiation plus colostomy. In most 
instances it must be understood that rectal cancer is cured not because 
it is radiosensitive, but because it has been subjected to caustic interstitial 
irradiation. Perhaps the majority of rectal cancers are sufficiently 
sensitive to permit considerable palliation by external irradiation. Pallia- 
tion consists in reduction in the size of the tumor, cessation of mucous 
discharges and hemorrhage, diminution in ulceration and relief of pain. 
These facts are common knowledge in all radiologic centers. At the 
Conference on Cancer held in London in 1928, successive reports were 
made by Lockhart-Mummery,*? Quick,®? Neuman and Coryn,®* Hart- 
mann ** and Gordon-Watson.*> To me the tone of these papers is rather 
discouraging. In a later paper, Gordon-Watson, although expressing 
himself with considerable caution, concluded that “although there is 
little hope for a patient under thirty, afflicted with rectal cancer, how- 
ever treated, he has more chance of cure with radium than with 
surgery. . . . The more active the growth the more radiosensitive 

50. Binkley: Personal communication to the author. 

51. Lockhart-Mummery, J. P.: Report of the International Conference on 
Cancer, New York, William Wood & Company, 1928, p. 117. 

52. Quick, Douglas: Report of the International Conference on Cancer, New 
York, William Wood & Company, 1928, p. 125. 

53. Neuman, F., and Coryn, G.: Report of the International Conference on 
Cancer, New York, William Wood & Company, 1928, p. 128. 

34. Hartmann, Henri: Report of the International Conference on Cancer, 
New York, William Wood & Company, 1928, p. 107. 

55. Gordon-Watson, Charles: Report of the International Conference on Can- 
er, New York, William Wood & Company, 1928, p. 100; Ann. Surg. 93:467, 1931 
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it is.’ Our best temporary regressions under external irradiation have 
been in cellular tumors in young subjects. 

The situation is quite different in the case of epidermoid carcinomas 
of the anal canal. These tumors exhibit the usual sensitivity of 
epidermoid carcinomas elsewhere. Of the miscellaneous gastro-intestinal 
tumors, the lymphosarcomas, leukemic lymphomas and aleukemic 
lymphomatous tumors are radiosensitive. The melanotic tumors are 
extremely resistant. Nothing is known of the behavior of the rare 
myosarcomas, nor of the benign carcinoids which occasionally yield 
metastases. 

CARCINOMA OF THE BREAST 


Cancer of the breast is not a single anatomic disease, but consists 
of a group of related pathologic entities which behave clinically dif- 
ferent and which show differences in their response to radiation. Most 
cancers of the breast are relatively radioresistant. As a general rule, 
it may be stated that the quantity of radiation delivered in most 
instances to any cancer of the breast by the external radiation so far 
employed is insufficient to control the disease. Calculated in terms of 
interstitial radon, the dose required to sterilize the average cancer of the 
breast appears to be in the neighborhood of 10 skin erythema doses. 
This would, of course, seem to make interstitial treatment imperative. 
Delivered by diffuse external irradiation, the dose necessary is certainly 
less, and it is our opinion that the possibilities of external irradiation 
in the control of cancer of the breast have scarcely been touched. 

Undoubtedly a certain number of carcinomas of the breast are so 
situated and of such size that they may be successfully attacked by 
radiation with interstitial radon. They are sufficiently sensitive to yield 
to such radiation in quantities insufficient to cause normal tissue slough. 
Yet I am not impressed with interstitial radon seeds in cancer of the 
breast. For the most part, the tumors are so resistant and the chances 
of accurate seed placement are so hazardous that the irradiation effect 
is spotty. In a number of cases so irradiated I have seen great irregu- 
larities in the effect on the tumor. Areas of total irradiation necrosis 
alternate with others where I can see little effect of the radiation and 
where the tumor cells appear fully viable. The reactive fibrosis is like- 
wise irregular and often abortive. Most of these tumors were studied 
by large Cheatle sections, giving an excellent survey of the whole local 
process. Even when the clinical evidence points to a remarkable 
shrinkage in the size of the palpable lesion viable cells may still appear 
microscopically. They may also appear, as is well known, in clinically 
quiescent lesions in patients who have passed the five year period. 

The spotty character of interstitial seed radiation appears particularly 
in the axilla. I have never seen satisfactory irradiation of axillary 
nodes by this method. On the other hand, the reports of Geoffrey 
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Keynes ** on the use of long radium needles are impressive to say the 
least. Attempts to duplicate Keynes work, with radon wires instead of 
needles, have not yielded histologic results that impress me, although 
several excellent clinical regressions have occurred. In the earlier cases 
the patients received too heavy a dose. An attempt to follow this treat- 
ment by radical surgical intervention led to serious necroses of the wall 
of the chest. Apparently when sufficient radon has been administered 
to destroy completely a large resistant cancer of the breast, the local 
tissues are so damaged that additional interference with the blood sup- 
ply in the course of a mastectomy tends to produce sloughing of the wall 
of the chest and prolonged infection. In some instances the paralysis of 











Fig. 8—Carcinoma of breast: 1 indicates an infiltrating large cell duct car- 
cinoma; 2, an intracystic papillary adenoma malignum; 3, a metastatic deposit in 
the axilla containing both histologic types. 


reactive tissues is such that cancer has recurred exuberantly in the 
wall of a foul irradiation ulcer. The average mammary cancer is so 
resistant that I personally doubt the feasibility of attempting complete 


destruction by interstitial irradiation unless the lesion is small and 
accessible. 


Interstitial irradiation of a large tumor can yield little or no infor- 
mation on the sensitivity of different types of cancer of the breast. One 
must depend for information on the behavior under adequate amounts 
of external irradiation, i.e., a diffuse uniform source of energy and 
not irregular, scattered, caustic radiation. Under those circumstances 


56. Keynes, Geoffrey: Brit. J. Surg. 19:415, 1932. 
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one may observe wide differences in behavior and, unfortunately, dif- 
ferences which are not easily related to structural type, although I 
believe well defined tendencies toward constant behavior may be noted. 
There exists first the bulky adenoma malignum or adenocarcinoma 
developing in cysts or dilated ducts (figs. 8,9 and 10). This tumor 
may long maintain its encapsulation and grow to large size and show 
marked cellularity without involving the axillary nodes. There is a 
pronounced tendency to undergo spontaneous infarction. This ten- 











Fig. 9.—Radiosensitive carcinoma of breast. Its relative sensitivity is dependent 
on its papillary character and blood supply (region 2 of fig. 8). 


dency is accentuated by irradiation. These tumors regress under irradi- 
ation, yet there is evidence that the effect is not on the tumor cells but 
on the blood supply. Once outside their capsules and hence less 
susceptible to infarction, these tumors are radioresistant. The less 
cellular tumors, particularly those with well developed glands and little 
removed from benign intracystic adenomas, undergo chronic sclerosis 
and calcification under irradiation. When subsequently excised, they 
are apt to show atrophy of the cells, pronounced hyaline thickening 
of their vessel walls, obliteration of the vessels with calcification and 
deposits of calcium in necrotic tufts of tumor cells. 
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Comedocarcinomas are apt to be moderately radiosensitive when 
confined to ducts. They undergo necrosis, and masses of sloughed 
tumor cells impregnated with calcium replace the active process. When 
a comedocarcinoma infiltrates beyond the wall of the duct, the infil- 
trating portions are readily seen to be much less sensitive. 

There is a type of cancer of the breast which originates in multiple 
foci throughout the whole duct system or which spreads diffusely 











Fig. 10.—Large cell infiltrating duct carcinoma; radioresistant (region 1 of 
fig. 8). 


through the entire duct apparatus of the breast (fig. 11). This type, 
when seen “early,” gives the clinical picture of an ill defined diffuse 
induration. The breast is usually large and fat. A pig-skin appear- 
ance is often a prominent feature. The skin is often thickened, and 
inflammatory features are relatively common, although it is known 


that “inflammatory carcinoma” does not necessarily mean any specific 


morphologic type. The entire breast may be edematous. The edema 
is presumably due to a diffuse plugging of periductal lymphatics by 
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tumor cells. Whereas much of the duct system may be involved by 
cancer, these breasts are sometimes difficult to recognize as cancerous 
in the gross. The appearance is usually that of a diffuse fibrous mas- 
titis. The presence of rather too much induration, the diffuse dimpling 
of the skin, the large fat lobules, which usually bulge on section as if 
relieved from restraining fibrosis, and especially a fine nodularity of 
the duct system should lead to the diagnosis of this type of cancer of 
the breast. Definite tumor masses may be a late occurrence, and by 
the time these occur the breast usually tends to be smaller than the 








Fig. 11.—Bilateral diffuse duct cancer. Right breast, infiltration limited to 
periductal lymphatics; relatively sensitive; left breast, later stage with much infil- 
tration, formation of bulkier masses, fibrosis and retraction; resistant. 


opposite organ, although the high fat content impedes contraction. 
These diffuse duct cancers are usually radiosensitive, and after external 
irradiation it may be extremely difficult to detect cancer in the amputated 
specimen. In one instance, after rather moderate irradiation, I searched 
through 20 suggestive areas microscopically before finding a few atrophic 
cancer cells. When definite masses are present, the irradiation effect is 
much less, and I know of no evidence to show that the lymphatic exten- 
sions of this type of cancer behave any differently from others. Any 
precise explanation for the observed sensitivity of this type is lacking. 
It must be remembered that the tumor infiltration outside of the ducts 
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and periductal lymphatics is slight. The tumor cells occupy narrow 
strands 1 or 2 cells thick. Their blood supply has not gone far 
-oward established autonomy. The irradiation results in a marked 
increase in the edema, which, as has been stated, is often present before 
treatment. This may be the result of swelling of tumor cells within 
the plugged lymphatics. This edema may in a measure interfere with 
cell-fluid exchanges and lead to intoxication, thus rendering the tumor 
cells more vulnerable to the radiation. As usual, one must differentiate 
between sensitivity and cure. These tumors are not curable by surgical 
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Fig. 12.—Radiosensitive small cell solid duct cancer of breast. 


intervention, nor have they been cured by radiation. They metastasize 
early and diffusely. 

Knox *? expressed the belief that there is reason to think that the 
more differentiated cancers of the breast are more susceptible to radi- 
ation. This accords with my own belief as regards the intraductal 
adenocarcinomas and the comedo types. I believe that there is a group 
of small cell, diffusely infiltrating, highly malignant duct cancers which 
are apt to be highly sensitive (fig. 12). They yield rapid, diffuse meta- 


57. Knox, L. C.: Radiology 11:229, 1928. 
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stases, and I believe them unsuited for surgical intervention. Outside 
of the types mentioned I cannot predict the radiation behavior of 
cancer of the breast with any degree of accuracy. I am usually more 
surprised at the regressions than at the failures to secure regression. 
One fact impresses me strongly and that is that, provided the tumors 
are not too large, infected, desmoplastic or fixed to surrounding struc- 
tures, the radioresistance diminishes as one approaches a reasonable 


dose. This dose is not that attained by the usual breast “cycle.” Exter- 
nal irradiation can make little progress in cancer of the breast so long 


as the radiologist must leave the area of skin in condition to withstand 
radical mastectomy. 

Regression of axillary disease is often excellent. I have seen the 
most satisfactory regressions after treatment through 5 portals, deliver- 
ing about 550 roentgens each. The nodes may disappear or undergo 
extreme fibrosis. They are replaced by finer or coarser collagen fibers, 
and the lymphoid tissue is greatly reduced. We have seen the beginning 
of fibrosis twenty-one days after irradiation. It originates in the peri- 
vascular region of the trabeculae, although at this stage the vessels 
themselves appear unaltered. Capsular fibrosis is just beginning. The 
fibrosis appears in regions of the node involved by cancer and to not 
nearly the same extent in uninvolved regions. Residual tumor cells 
appear small, atrophic, hydropic and isolated in fibrous tissue. The 
process is one of early abortive fibrosis. These results in the axilla 
equal the best I have ever seen by interstitital irradiation of the breast 
itself, and are vastly better than anything previously observed in the 
axilla after interstitial irradiation given in this hospital. Nodes which 
contain cancer undergo pronounced sclerosis after doses that are toler- 
ated without perceptible effect by normal or hyperplastic nodes (figs. 
13 and 14). The normal lymph node is a relatively resistant structure. 
The 5 portal method has given several excellent clinical regressions of 
axillary disease in addition to those actually observed in specimens after 
operation. I have been much encouraged with these results, and am of 
the opinion that, were this type of radiation developed to a maximum of 
efficiency—perhaps with variations in quantity and time factors—much 
more might be accomplished in the axilla. We have seen similar histo- 
logic pictures in axillary nodes after a 3 portal irradiation. The tumor 
received about 130 per cent skin erythema dose. With this dose 
effective in the axilla, it seems extraordinary that any average primary 
tumor of the breast should require in the neighborhood of 10 skin ery- 
thema doses for adequate sterilization. There is something “spotty” 
about the effect of interstitial irradiation by radon seeds in cancer of 
the breast which does not appeal to us. It must mean merely that such 
tumors are difficult to outline with accuracy. Because axillary nodes 
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disappear with irradiation, we do not believe that the patient becomes 
a fit subject for radical surgical intervention. 

The effect of irradiation on mammary cancer is similar to that on 
other relatively resistant tumors. Interstitial treatment produces nec- 
rosis of tumor cells, karyorrhexis, giant atypical nuclei, atypical mitoses, 
atrophy, hydropic degeneration, acute capillary necrosis, hemorrhage, 
eventual obliterative arteritis, fibrosis, hyalinization of the stroma, cal- 
cific deposits and the whole gamut of changes ascribed to irradiation. 





Fig. 13.—Axillary node, cancer of breast; residual atrophic tumor cells after 
relatively heavy external radiation. 


External irradiation produces cell degeneration to a lesser degree 
(naturally since the doses have been smaller). The changes in the cells 
after external irradiation are mainly atrophy and hydropic degeneration. 
Obliterative arteritis from external irradiation is marked and is an 
important factor in restraint of growth, probably the most important 
in resistant tumors of the breast. After interstitial irradiation there 
may occur a curious squamous metaplasia of ducts and acini of adjacent 
lobules of the breast. Because small tumors remain palpable in the 


eavily irradiated breast, this is no positive evidence that they remain 
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capable of further damage. Many writers have found atrophic tumor 


cells in tumors of the breast (and in other tumors) which were clinically 
cured, 


No discussion of the radiosensitivity of carcinoma of the breast 


would be even partially complete without noting the sensitivity of many 
dermal and skeletal metastases. There appears to be little relation 


between the sensitivity of a dermal metastasis and the behavior of the 
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Fig. 14—Axillary node, cancer of breast; complete sclerosis after external 
radiation. 


original tumor of the breast. The skeletal metastases of cancer of 
the breast are an exception to the rule that a bony bed is an 
unfavorable site for irradiation of a tumor. Skeletal metastases 
from cancer of the breast often act exceedingly well. Pain is 
favorably influenced over long periods. Pathologic fractures tend to 
unite (they may also unite without radiation), and there may be evidence 
of marked roentgenographic repair. It is interesting to compare the 
behavior of the skeletal metastases of cancer of the breast with those of 
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prostatic cancer—both glandular carcinomas of the average sensitivity 
of glandular cancers. The latter usually yield disappointing results. 
The pulmonary metastases of carcinoma of the breast are but rarely 
influenced by radiation. In some instances it is probable that the rate 
of accumulation of pleural exudates is lessened. 

Although no sufficient series of cases is available for conclusions, 
it appears probable that the radiosensitivity of certain carcinomas of the 
breast in young women is increased following roentgen castration. In 
fact, in such cases improvement may be noted without irradiation of the 
tumor itself. The influence of the ovary on the physiology of the breast 
and on the genesis of cancer of the breast has been admirably discussed 
by Taylor®* in a recent review. 


CARCINOMA OF THE CERVIX 

There are marked divergences of opinion concerning the radiosensi- 
tivity of different types of cancer of the cervix. Healy and Cutler °° 
have stated that the sensitivity increases with the degree of anaplasia; 
the adult squamous cancers are the most resistant of the epidermoid 
group. The moderately differentiated epidermoid carcinomas, which 
they designate as plexiform epidermoid carcinomas, are more sensitive, 
and the very cellular anaplastic epidermoid carcinomas exhibit the most 
pronounced degree of sensitivity. Their conclusions were that the 


combination of degree of malignancy and radiosensitivity was of con- 


siderable prognostic significance as regards cure. Reports from other 
clinics are at marked variance with this belief. Ddderlein, Doderlein 
and Voltz,®° in 1926, offered some evidence which lends support to this 
concept. They reported that of the cases of epidermoid carcinoma of 
the cervix in which cures were obtained, 10 per cent were adult carci- 
nomas (gutgereifte Karzinome), 34 per cent were of the intermediate 
type (mittelgereifte Karzinome), and 56 per cent were undifferentiated 
(unreife Karzinome). In 1930, G. Déderlein*®' expressed himself 
with some caution on the subject : 


Der Reifegrad der Carcinome scheint aber immerhin einer der Punkte zu sein, 
die fiir die mehr oder minder gute Wirksamkeit der Bestrahlung verantwortlich 
zu machen sind, wenn auch noch zahlreiche andere uns bisher unbekannte Faktoren 
msser dem Reifegrad hierbei noch eine bedeutende Rolle spielen (italics mine). 


38. Taylor, H. C., Jr.: The Etiology of Neoplasms of the Breast: With Notes 
on Their Relation to Other Tumors of the Reproductive System, Arch. Surg. 
21:597 (Oct.) 1930. 

59. Healy, W. P., and Cutler, Max: Am. J. Obst. & Gynec. 16:15, 1928. 
Acta radiol. 


61. (a) Déderlein, Gustav: Strahlentherapie (supp.) 13:21, 1930. (b) Voltz, 
Friedrich: ibid., p. 128. 
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(The degree of maturity of carcinomas seems to be still one of the factors that 
are to be made responsible for the greater or lesser efficacy of the irradiation, 
even if there are numerous other, still unknown factors, besides the degree of 
maturity, which play an important role.) 


In another portion of the same article, Voltz®” stated, that the 
results of irradiation on cancer of the cervix are dependent on varia- 
tions in radiosensitivity perhaps related to differences in the degree of 
ripeness (Reifegrad) of the tumors. In 1931, G. Déderlein © reversed 
his previous opinion and concluded that the degree of differentiation 
had little to do with cure by irradiation. 

Lacassagne °** found rather small differences in the behavior of dif- 
ferent types of epidermoid carcinoma of the cervix. He stated that 
an investigation of the relative frequency of cures in the squamous 
(Plattenepithel) and transitional (Ubergangsepithelcarcinome ) types 
shows a higher percentage of successes in the squamous forms and 
hence a lower sensitivity in the transitional variety. After all, Healy 
and Cutler did not claim a higher percentage of cures in the plexiform 
or transitional carcinomas. Their cures were much lower. They did 
not relate the fewer cures to a lack of sensitivity but to a greater 
tendency to metastasize. Lacassagne expressed the belief that the 
majority of carcinomas of the cervix show a high degree of radio- 
sensitivity. He found that the number of mitoses and the relationship 
of stroma and the blood vessels give no added information on the 
probable behavior to radiation. Warren“ stated that grade II carci- 
nomas of the cervix respond best to radiation. Thus, from different 
radiologic clinics there are all possible differences of opinion. The one 
fact on which all seem to agree is that adenocarcinomas of the cervix 
are radioresistant to a high degree. 

I do not see how the matter of the relative radiosensitivity of epi- 
dermoid. carcinomas of the cervix can be decided with certainty on the 
basis of present methods. The statements as to the differences in sensi- 
tivity made by Healy and Cutler were after all based more on analogy 
than on observations. In estimating the sensitivity from histologic 
features the authors drew conclusions from the known behavior of epi- 
dermoid carcinomas in other locations, reactions of tumors similar in 
structure to cancer of the cervix. There are numerous difficulties in the 
study of the sensitivity of cancer of the cervix. First is the matter 
of dosage. 

The cervix itself is sufficiently radioresistant to tolerate enormous 
doses. In the physics department of the Memorial Hospital the dosage 
received by patients with lesions of the cervix in this institution has 


2. Déderlein, G.: Zentralbl. f. Gynak. 55:968, 1931. 

63. Lacassagne, A.: Strahlentherapie (supp.) 13:156, 1930. 

64. Warren, Shields: The Grading of Carcinoma of the Cervix Uteri as 
Checked at Autopsy, Arch. Path. 12:783 (Nov.) 1931. 
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been calculated. If the diagram (fig. 15) is used, point 75, which rep- 
resents a distance of 5 cm. from the lower capsule of the cervix, receives 
approximately 335 per cent skin erythema dose. Point 2, 1 cm. distant 
from the capsule, receives 5,690 per cent skin erythema dose, other 
regions receiving doses intermediate between these extremes. This rep- 
resents the entire radiation from all sources received in the primary 
treatment and not that from the capsules alone. The first thing apparent 
is the enormous diminution in the quantity of radiation at a point a few 
centimeters away from the largest source. The portions of the tumor 
near the radiating capsules are overdosed. A few centimeters farther 





Fig. 15.—Cervix tandem and bomb in position. The distribution of points is 
discussed in the table on dosage. 


out the dose becomes less than sufficient to cure most epidermoid car- 
cinomas similar in type to the cervix group but occurring in other 
locations. 

All of the epidermoid carcinomas of the cervix receive the same 
treatment so far as it is possible to administer it. They all are sub- 
jected to doses which are of caustic intensity at the nearest portion of 
the tumor and which are too feeble greatly to affect a tumor lying in a 
radius of beyond 5 cm. This fact makes me believe that it is difficult 
to estimate radiosensitivity by the percentage of locai cures. To do this 
satisfactorily would seem to require a much more homogeneous irra- 


diation of the field. When recurrence is noted, it is essentially impos- 
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sible to state from whence it proceeds. Is it really a local recurrence, 
does it spread backward from a point in the lightly irradiated periphery 
or does it extend down from the uterine body? In other words, it is 
not known how much radiation the point from which the recurrence 
proceeds received in the initial treatment. Were the doses lower and 
more homogeneous, much more information might be obtained. That 
is really the way they were obtained in other locations, and a sort of 
average limen of sensitivity was established. 

Speed of regression following treatment might be expected to fur- 
nish some estimate of radiosensitivity. However, there is little satis- 
faction in clinical examination of the cervix during an acute reaction 
to radium. 

I believe that there is a definite discrepancy between the grading 
of cancer of the cervix by Doderlein and by the staff of the Memorial 


Dosages at Various Points in Figure 15 


Dose (% Skin Dose (% Skin 
Erythema Dose) Point Erythema Dose) 

2,060 870 

5,690 735 

1,510 715 

3,585 610 

590 ; 495 

1,035 485 

1,205 335 


Hospital. We differ considerably from Déderlein as to what consti- 
tutes an undifferentiated carcinoma. The grade III anaplastic carci- 
nomas considered highly radiosensitive by Healy and Cutler are far 
different from the solid unripe carcinomas of Déderlein as judged by 
his excellent colored illustration. It seems to me that Déderlein’s pic- 
tured unripe, solid carcinoma is an infected, degenerating, rather adult, 
squamous type and not at all similar to what we consider the highly 
radiosensitive variety. Furthermore, there are marked discrepancies in 
the relative numbers of different types of cervical epidermoid carci- 
nomas in Doderlein’s material and in ours. Doderlein found that the 
majority of his tumors belong in the unripe group. In the material 
from the Memorial Hospital, which averages about 175 new cases per 
year, I find not more than from 10 to 12 per cent in the anaplastic 
radiosensitive group. It is obvious that such large discrepancies must 
lie in the method of grading. Healy and Cutler’s conclusions cannot, 
therefore, be compared with Déderlein’s. As to statements that cure is 
a function of radiosensitivity, I know of little to justify them. Cure 
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is a far more complicated matter in cancer of the cervix. I believe 
that there are differences in the sensitivity of cancer of the cervix; that 
the cellular, disorganized, anaplastic varieties resembling solid diffuse 
transitional cell carcinoma are highly radiosensitive; that there are 
essentially no differences between the fully adult and the slightly less 
adult plexiform types of Healy and Cutler, and that there is little if 
any relation between sensitivity and cure with the methods generally 
employed in the treatment of epidermoid carcinoma of the cervix. Only 
time will tell. 
CORPUS CARCINOMA 


Whereas a considerable literature exists on the relation of structure 
to radiosensitivity in carcinoma of the cervix, there is little available on 
corpus carcinoma. There are numerous statistics of curability of corpus 
carcinoma by radium, but practically none on radiosensitivity. It has 
long been known that there are marked differences in the prognosis 
of different types of corpus cancer. Mahle,®® for instance, found no 
deaths from grade I adenoma malignum and no survivals after surgical 
intervention for grade IV, completely undifferentiated carcinomas. 
Lindsay ®* confirmed these results and found that embryonal carcinoma 
(diffuse carcinoma, grade IV) yields better to irradiation than to sur- 
gical intervention. 

It is not my purpose to discuss the comparative value of surgical 
intervention and irradiation in the treatment of corpus carcinoma, but 
merely to ascertain the prevailing opinion on the relation of structure 
to sensitivity. The only work dealing especially with these matters is 
that of Healy and Cutler.°* These authors have divided their corpus 


carcinomas, with the exception of adeno-acanthoma and adenomyocarci- 


noma, into four groups. Group I consists in the papillary malignant 
adenomas. This is a characteristic form in which the growth is super- 
ficial and entirely papillary (fig. 16). The papillae are low, the cells 
are not atypical, and there is no infiltration. Some cases are difficult 
to distinguish from adenomatoid endometritis. Cures have followed 
curettage alone. Group II comprises cases in which the uterine glands 
are markedly elongated and enlarged. They are thrown into folds and 
convolutions to form papillae. The cells are cuboidal or cylindric and 
are arranged in compact layers about the gland lumen (fig. 17). The 
nuclei are hyperchromatic. Mitoses are often abundant. The stroma 
is scanty, and adjacent glands come in direct contact. Polarity of the 
cells is everywhere maintained. Group III, adenocarcinoma, includes 
all cases in which the tumor forms solid masses of cells (fig. 18) which 
grow in cords or columns. There is definite loss of cell polarity. The 


5. Mahle, A. E.: Surg., Gynec. & Obst. 36:385, 1923. 
66. Lindsay, W. S.: Surg., Gynec. & Obst. 44:646, 1927. 
67. Healy, W. P., and Cutler, Max: Am. J. Obst. & Gynec. 19:457, 1930. 
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cells are more atypical. Not infrequently portions of the tumor show 
adenoma malignum and others show adenocarcinoma. In such circum- 
stances the tumor is classed as adenocarcinoma. The glandular arrange- 
ment is maintained though more diffuse, solid and atypical. In group 
IV, diffuse (embryonal or anaplastic) carcinoma, cell polarity is com- 
pletely lost. Glandular arrangement is absent. The growth is diffuse 





= 








Fig. 16.—Corpus uteri; papillary adenoma malignum, grade I. Not per se 


sensitive, but usually superficial and within range of more caustic action of radium. 


(fig. 20) and is composed of small round and polyhedral cells, closely 
packed, growing in sheets and cords. Nuclei are small and hyper- 
chromatic, and the cytoplasm is scanty. There are marked signs of 
anaplasia. There is complete loss of differentiation. Mitoses are abun- 
dant and often atypical. The tumor may be difficult to distinguish 
from the anaplastic epidermoid carcinomas of the cervix so great is the 
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loss of differentiation. This variety of tumor was found in 12 per cent 
of the cases of Healy and Cutler. They reported 2 cases of unusual 
interest in demonstrating the high sensitivity of grade IV anaplastic 
carcinoma. In one, following a single low voltage cycle to the pelvis 
(exact dose not specified), the uterus showed rapid diminution in size, 
and hysterectomy three weeks later revealed massive necrosis of the 








Fig. 17—Corpus uteri; adenoma malignum, grade II. Not sensitive, but often 
curable, nevertheless, if within range of applicator. 


tumor with but shadow cells remaining. Another patient with an 
advanced lesion and a uterus which extended 8 cm. above the symphysis 
remained well five years after moderate irradiation. After five years 
she underwent hysterectomy for suspected pyometra, since which opera- 
tion she had remained well (six years). That this last patient was only 


linically cured for the eleven year period and not pathologically cured 
s unfortunately attested by the fact that about two years after the 
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appearance of Healy and Cutler’s paper, she returned to the hospital 


with a massive peritoneal recurrence. This recurrence showed the same 
structure as the original uterine lesion. Apparently irradiation had 
caused restraint of growth over a number of years. 








Fig. 18.—Corpus uteri; adenocarcinoma, grade III, slightly sensitive. The dis- 
ease is apt to be advanced. The results after either surgical intervention or treat- 
ment with radium are apt to be bad. 


Healy and Cutler regarded adeno-acanthoma (fig. 19) as radio- 
resistant. They stated that as a whole corpus carcinomas are but 
slightly sensitive, with the exception of the anaplastic group. The cura- 
bility of the lower grades of corpus cancer is less dependent on sensi- 
tivity than it is on the superficial character and accessibility to large 
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amounts of intra-uterine radium. The ideas pertaining to the resistance 
of the average corpus carcinoma are held not only at the Memorial 
Hospital, but at the Radium Institute of Paris (Regaud**). It should 
again be emphasized that the radioresistance of these tumors does not 


mean that many cannot be cured by radium. Cures are dependent on 


& 


Fig. 19.—Adeno-acanthoma of corpus uteri; radioresistant. 


many things other than sensitivity, and a discussion of curability is 
loreign to the purpose of the present paper, 
CARCINOMA OF THE VAGINA AND OF THE VULVA 


(hese tumors are similar in structure to the epidermoid carcinomas 


of the cervix. The impression one gains from the radiologic literature 
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is that they tend to respond to radiation in a similar fashion. They 


occur much less frequently, and consequently observations on their 
radiosensitivity are based on rather scanty material. 











Fig. 20.—Diffuse anaplastic corpus carcinoma. Radiosensitive, and highly so 
in comparison with other corpus cancers. 


MYOMA AND MYOSARCOMA 


It is highly probable that the response of myoma uteri to radiation 
is dependent on the effect on the ovaries and that it has nothing to do 
with sensitivity in the ordinary sense. The direct changes of infarction, 
necrosis and cystic degeneration brought about by radiation (and also 
spontaneously) are probably merely secondary phenomena. 
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Myosarcoma is a rare disease. Ewing ** saw 4 cases in twenty years. 
Ruling out doubtful cases, I have seen but 5 among the last 15,000 
tumors or suspected tumors at the Memorial Hospital. Pack and 
Lefevre * reported 16 cases of myosarcoma in a twelve year period, 
during which time there were 2,125 cancers of the cervix and 3,216 
uterine tumors of all types. Dustin *® has reported the effects of irra- 
diation in a single case of leiomyosarcoma as follows: There was 
marked diminution in the size of the mass. After twenty-four hours 
biopsy revealed a complete suppression of mitoses. This suppression 
was still present at forty-eight hours, after which no other biopsy speci- 
men was available until after further treatment three months later. 
This treatment was followed by numerous biopsies at daily or slightly 
longer intervals. Dustin concluded that therapy results in a local arrest 
of mitotic activity. Atypical mitoses became more numerous about the 


third day of treatment, and after fluctuating in numbers in successive 
biopsies approached the zero point toward the twelfth day. Amitotic 
or pseudomitotic figures appeared brusquely the eleventh day and grad- 
ually tended to disappear. The spindle cells of the tumor became 
globular and tended to separate from one another. The author did not 
state what eventually happened to his patient. Steinhardt ** reported 


no good result from irradiation in 4 inoperable cases. He expressed 
the belief that postoperative irradiation was possibly responsible for the 
clinical cure of 2 patients who had been submitted to surgical inter- 
vention but in whom laparotomy had revealed advanced disease, although 
operation was still possible. Regaud and Lacassagne ** described the 
treatment of 6 patients with uterine sarcoma. They reported some 
diminution in the size of the tumors. The irradiation resulted in the 
appearance of pathologic mitoses, cell monstrosities and cytolysis. The 
radiosensitivity was nevertheless slight. Only 1 patient seemed cured 
over a period of three and one-half years. In the others the progress 
of the disease was but slightly retarded. The “cured” patient had a 
tumor of relatively low malignancy. They concluded that: 


So lange es sich um iiberhaupt operable Falle handelt, scheint die breite chirurg- 
ische Entfernung dieser Art von uterinen Sarkomen gegenwartig immer noch die, 
sit venia verbo, wenigst schlechte Behandlung zu bleiben. (As long as the cases 
in question are at all operable, the wide surgical removal of this type of uterine 
sarcoma seems still to be the, sit venia verbo, least unsatisfactory treatment. ) 


At the Memorial Hospital I have seen but 1 case in which there 
was definite evidence that the progress of the lesion was markedly 


68. Ewing, James: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 
Company, 1928. 
. Pack, G. T., and Lefevre, R. G.: J. Cancer Research 14:167, 1930. 
70. Dustin, A. P.: Cancer, Bruxelles 6:134, 1929. 
. Steinhardt, Bianca: Wien. klin. Wchnschr. 37:844 and 874, 1924. 
. Regaud, C., and Lacassagne, A.: Strahlentherapie 37:275, 1930. 
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retarded. The patient is living after nearly four years, but the disease 
has not disappeared, and is now showing activity. 


CHORIONEPITHELIOMA 


Schmitz and Hueper ** reported favorable results in the radiation. 


treatment of chorionepithelioma. Wintz * stated that chorionepitheli- 
omas are much more sensitive than the normal uterine tissues and con- 
siderably more sensitive than the usual uterine carcinomas. Fortunate 
is the clinician who can gather a sufficient number of choriocarcinomas 
to make reasonably certain of their radiosensitivity. Symmers (Gor- 
don *°) found 1 probable choriocarcinoma among 35,000 surgical speci- 
mens and during 8,000 autopsies at Bellevue Hospital. The number 
might be expected to be proportionately larger in a special hospital for 
patients with cancer. Yet I can recall but 3 among the last 20,000 
specimens. The author who believes that he has obtained cures in any 
considerable number of cases of choriocarcinomas by any means must 
first triply assure himself that what the pathologist has called chorio- 
carcinoma is not chorio-adenoma destruens, syncytial endometritis, 
syncytioma or even early normal gestation. The diagnosis of chorio- 
carcinoma presents many difficulties and must be made with caution. 
Although possibly not pertinent to uterine choriocarcinoma, I have 
observed relative radioresistance in embryonal carcinoma of the testis 
when choriocarcinomatous structures were present. There is much in 
the structure and origin of choriocarcinoma which would lead one to 
believe that it is radiosensitive, but no confirmatory body of proof in 
sufficient quantity is as yet available. In a recent paper Eymer * 
expressed doubt that all choriocarcinomas possess a high radiosensitivity. 


MALIGNANT TUMORS OF THE OVARY 


The ovary is a complex organ. Malignant tumors of the ovary are 
widely different histogenetically. Moreover, the histologic origin of 
certain ovarian tumors is by no means clearly understood. Much less 
is known concerning the correlation between tumor type and radio- 
sensitivity in ovarian tumors than, for example, in carcinoma of the 
cervix, in which the histogenesis is relatively simple. 

The diffuse embryonal carcinomas of the ovary (embryonal carci- 
noma with lymphoid stroma; seminoma ovarii) parallel in general 
similar tumors of the testis in their response to radiation. They are 
radiosensitive, often highly so. The reader is referred especially to the 


73. Schmitz, Henry, and Hueper, Wilhelm: Malignant Chorionepithelioma 
Uteri, J. A. M. A. 95:1413 (Nov. 8) 1930. 

74. Wintz, H.: Miinchen. med. Wchnschr. 78:781, 1931. 

75. Gordon, O. A., Jr.: Surg., Gynec. & Obst. 36:242, 1923. 

76. Eymer, H.: Strahlentherapie 44:241, 1932. 
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work of Jean Hoche.**? Hoche discussed the similar responses to radia- 
tion shown by “seminomas” of the testis and ovary. He reported but 
a single case and seemed to assume that these diffuse embryonal tumors 
of the ovary will behave much like the corresponding testicular group. 
At the Memorial Hospital it must be admitted that the same degree of 
success in controlling “seminoma” of the testis and of the ovary has 
not been obtained. The few cases of this tumor of the ovary which have 
been seen have not been successfully controlled. Massive regression 
may be expected, but massive recurrence with gradually increasing 
resistance has occurred. It may be well to explain that we do not rec- 
ognize in “seminoma” a tumor of adult origin as do Chevassu and 
many others, but prefer to regard it as a form of embryonal diffuse 
carcinoma. Furthermore, we have difficulty in separating this type 
from diffuse granulosa cell tumors. I have no good explanation for 
our observation on the lesser success in controlling these ovarian tumors. 
It is possible that were an equal series of cases of tumors of the testis 
and of the ovary available, no essential differences would be apparent. 

Granulosa cell tumors (fig. 21) are usually benign. Occasionally 
they may be malignant. Malignant granulosa cell carcinoma is radio- 
sensitive. The initial regression may be marked. Clinically, complete 
regression or decided partial regressions in the cases at the Memorial 
Hospital have been followed by fairly prompt recurrence and death. 
The radiation administered was all the patient could tolerate, and the 
result cannot be assigned to inadequate therapy. 

The papillary cystic adenocarcinomas of the ovary are apt to 
exhibit wide differences in histologic structure. Different regions of 
the same tumor may show different structures, ranging from the 
adenomatous t6 the solid. Solid masses are intermingled with intra- 
cystic papillary adenomatous areas. The tumors are often mucinous. 
It is not surprising that they show no particular degree of radio- 
sensitivity. When these tumors form diffuse implantation metastases, 
opinions are conflicting as to whether or not they are sufficiently 
sensitive to permit retardation of growth after irradiation. Taylor “* 
saw no influence of radiation. Heyman,’® Ford *® and Strassman * 
were more enthusiastic. At the Memorial Hospital experience has 
shown that the lower grades of papillary ovarian carcinoma yield the 
better results to irradiation. Of inoperable disease in which implanta- 
tion has occurred, only the low grade papillary adenoma malignum 
with psammoma bodies has yielded marked anatomic regressions and 


77. Hoche, Jean: Bull. Assoc. frang. p. l’étude du cancer 19:476, 1930. 
78. Taylor, H. C., Jr.: Am. J. Cancer 15:2517, 1931. 

79. Heyman, J.: Strahlentherapie 37:254, 1930. 

80. Ford, F. A.: Am. J. Obst. & Gynec. 16:1, 1928. 


81. Strassman, in discussion on Schafer: Zentralbl. f. Gynak. 46:514, 1922. 
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possible cures. One young patient with a more malignant papillary 
adenocarcinoma metastatic to a superficial region—the inguinal nodes— 
experienced a marked regression. In many patients with peritoneal 
metastases the rate of accumulation of fluid has been retarded. 
Inoperable masses are occasionally sufficiently sensitive to become 
operable after radiation. Healy ** stated that when the tumors are 
sufficiently aggressive to have invaded retroperitoneal nodes, the pallia- 











Fig. 21—Ovary; relatively sensitive granulosa cell carcinoma. Apt to recur 
and to show progressive increase in resistance. 


tion by irradiation is essentially nil. Patients whose lesions are 
producing intestinal obstruction have not been benefited by irradiation. 
No information is available on the behavior to irradiation of the large 
group of rare miscellaneous tumors of the ovary. 

Two recent papers have appeared dealing wholly or partially with 
ovarian neoplasms. Wintz ** reported that irradiation after incomplete 


82. Healy: Personal communication to the author. 
83. Wintz, Hermann: Strahlentherapie 44:201, 1932. 
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operation has yielded 40 per cent three year cures and 25 per cent five 
vear cures. He did not separate the tumors into their various types, 
hence his study, like so many others, affords no information in the 
field of radiosensitivity. Waintz stated, however, that the radiosensitivity 
is not definitely ascertainable from the histologic structure. The 
“extraordinary radiosensitivity” of granulosa cell tumors even with 
metastases is emphasized by Borak ** and the sensitivity of embryonal 
carcinoma (Embryozytom) by Nemenow.”* 


MALIGNANT TUMORS OF THE KIDNEY 


The papillary and solid renal adenocarcinomas and the hyper- 
nephromas are quite radioresistant and do not encourage the idea of 
cure with radiation. Whether or not they are sufficiently sensitive in 
rare instances to permit of palliation by irradiation I am not prepared to 
state. Occasionally their diffuse anaplastic metastases have proved 
quite sensitive, although the primary tumor showed no change (figs. 
22 and 23). Such sensitivity is of academic interest only. In 
discussing the response to radiation of pulmonary metastases of hyper- 
nephromas the observations of Bumpus** on the spontaneous dis- 
appearance of such lesions should not be _ forgotten. -apillary 
epidermoid carcinomas of the renal pelvis have not been appreciably 
influenced by the quantity of radiation reaching them from external 
sources. Data on their sensitivity are lacking. 

The large group of embryonal tumors of the kidney offers more 
encouragement. These tumors show markedly varying structures. 
There is every stage from fairly well developed, adult-looking, tubular, 
renal carcinomas down to the diffuse embryonal adenomyosarcoma of 
Wilms. The degree of embryonal nature of these tumors is so varied 
that differences in the response to radiation must surely occur. Yet 
there are no observations which may be interpreted in a quantitative 
manner. Diffuse Wilms’ tumors are often extremely radiosensitive. 
They exhibit regressions equaled only by lymphosarcomas, some 
thymomas, the embryonal carcinomas with lymphoid stroma of the 
testis, the neurocytomas of the retroperitoneal group, rare lympho- 
epitheliomas and the endothelial myelomas (Ewing’s tumors) of bone. 

While the Wilms tumors show extraordinary regression under 
external irradiation, recurrence is almost inevitable. Once recurrent, 
an acquired radioresistance seems to develop, making each successive 
regression less and less. Furthermore, fibrosis and adhesions develop, 


tying down the adjacent abdominal viscera to the tumor and rendering 
surgical intervention impossible. This has led to the assumption that 


84. Borak, J.: Strahlentherapie 44:601, 1932. 
85. Bumpus, H. C., Jr.: J. Urol. 20:185, 1928. 
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if surgical intervention is to be done, it should follow the maximum 
initial irradiation regression. Barringer,** in discussing these tumors, 
stated that their radiosensitivity diminishes with the increasing age of 
the patient. This may be so, yet had Barringer’s cases been studied 
from the point of view of tumor structure, the influence of age might 
have had a different interpretation. The Wilms tumor is fortunately 
not common. The records of the Memorial Hospital report 16 such 
tumors. Of the 16 patients, 13 are dead, and the other 3 have been lost 
from observation. They are undoubtedly dead. Quite obviously, 





Fig. 22.—Renal carcinoma ; long-standing tumor ; calcified in places and necessi- 
tated cutting with saw; radioresistant. 


unless radiation is to occupy a purely palliative role with these tumors, 
it must be decidedly improved. In many of the cases in the Memorial 
Hospital the irradiation was inadequate. 

It is most curious that these sensitive tumors disappear with such 
dramatic rapidity and yet recur so regularly. If explanation is sought, 
it may possibly be found in certain of their gross peculiarities. First, 
the tumors are very large. Second, they tend to infarction readily. 


86. Barringer, B. S., in discussion on Dean, A. L., Jr., and Pack, G. T.: 
Embryonal Adenosarcoma of the Kidney, J. A. M. A. 98:10 (Jan. 2) 1932. 
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When infarction exists, one finds, microscopically, islands of living 
tumor cells in masses of caseous or liquefied material. Such cells may 
show little evidence of damage by radiation. Is it not possible that 
the recurrence is due to persistence of viable cells in wide necrotic areas 
where there is little opportunity for the development of rapid fibrosis? 
Persistent cells in the vicinity of well developed capsular vessels may 
likewise account for recurrences. 














Fig. 23.—The same tumor as in figure 22 invaded the renal vein and produced 
anaplastic, relatively sensitive metastases in bizarre locations, including the tongue 
and cardiac muscle. Photograph from myocardium. 


CARCINOMA OF THE SUPRARENAL GLANDS 


Medullary carcinomas of the suprarenal glands are usually widely 
metastasizing neoplasms. Nothing is known about their radio- 


sensitivity. Small cell neurocytomas of the suprarenal glands are 
exceedingly sensitive, thus behaving quite contrary to the group of 
neurogenic tumors as a whole, quite obviously because they are 
histogenetically quite different. 
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TERATOMA OF A TESTIS 
Adult carcinomas are rarely found in the testis. In stating this fact, 
I admit that I do not consider the so-called seminoma (fig. 24) as an 
adult tumor. Adult carcinoma is so rare that observations on its 
sensitivity are lacking. There is much information on the behavior 
of embryonal carcinomas of the testis, although all of the data so far 
are based on skin doses or even applicator doses, and none on tumor 














Fig. 24.—Testis; solid embryonal carcinoma; Chevassu’s seminoma ; radiosensi- 
tive. 


doses. The prediction of radiosensitivity in embryonal carcinomas of 
the testis is based both on histology and on anatomy. ‘There are 
marked differences in type. Adult teratomas are resistant, although 
when they contain more diffuse, embryonal areas, they may regress 


without altering the clinical aspect of the testis, since the presence of 
residual adult bone, cartilage, mesenchyme, etc., renders the mass 


nseudoresistant. Squamous carcinoma may develop in cases of com- 
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plex teratoma. This tumor is resistant. We have observed 1 embryonal 
tumor of the groin made up largely of adult-looking glia tissue. This 
tumor was resistant. In discussing embryonal tumors of the testis and, 
for that matter, elsewhere, it must be remembered that although the 
tumors are of embryonal origin, many rapidly attain an adult structure. 


The bone, for example, of complex teratoma is fundamentally a con- 
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Fig. 25.—Testis; more radioresistant embryonal adenocarcinoma. 


stituent of an embryonal tumor, yet it may have attained a structure 
indistinguishable from adult bone. Similar statements apply to other 
tumors outside the testicular group. Among the embryonal renal tumors 
there is every gradation between tumors of diffuse embryonal structure 
and those with relatively adult nephrogenic tissue, although all of the 
tumors are of embryonal origin. 

Embryonal adenoma malignum or adenocarcinoma (fig. 25) makes 
up the structure of many testicular embryomas. The latter of these 
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(adenocarcinoma) is highly malignant and only moderately sensitive to 
any dose deliverable to the tumor. This tumor produces, next to chorio- 
carcinoma, the most hopeless of the testicular metastases. Embryonal 
carcinoma with lymphoid stroma (fig. 26) is a highly sensitive tumor. 
oth the primary tumor and the metastases are sterilizable by massive 
doses. We have a patient who has been free from disease for more than 
six years, in whom not only extensive abdominal metastases but also 
pulmonary and supraclavicular metastases were present. It is unlikely 
that irradiation will duplicate this result frequently. Nevertheless, 





Fig. 26.—Testis; radiosensitive embryonal carcinoma with lymphoid stroma. 


Barringer, Stewart and Spies ** were able to report 24 (30 per cent) 
of 81 patients with inoperable local recurrences and metastases free from 
disease for from one to ten years. Radiation has entirely altered the 
prognosis of testicular teratoma, but the radiation must be far from 
homeopathic as to dosage. The first patient with teratoma of the testis 
who was treated at the Memorial Hospital more than a decade ago has 
just returned for excision of a benign radium ulcer of the abdominal 
skin, but is free from disease. Others already have cutaneous atrophy 


87. Barringer, B. S.; Stewart, F. W., and Spies, J. W.: Ann. Surg. 91:115, 
1930. 
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and telangiectases, but are well more than five years after treatment for 
one of the most malignant tumors in the whole category of neoplastic 
diseases. 

It is our general impression that the metastases of embryonal car- 
cinomas of the testis are apt to be more radiosensitive than the primary 
lesions. Furthermore, primary tumors of the same histologic type show 
considerable variations in the degree of destruction by radiation. Small 
tumors tend to vanish more completely than larger ones. Their destruc- 
tion may be so complete that the pathologist unfamiliar with pathologic 
changes caused by irradiation may make an erroneous diagnosis of 
gumma. This error has been made in our laboratory. In the larger 
tumors the local destruction with the doses utilized is often incomplete. 
There is often a narrow zone of viable tumor at the periphery of the 
excised mass. This zone emphasizes the importance of circulatory 
changes and infarction in the production of destruction by irradiation. 
The tumor nearest the normal testicular tissue is probably best nourished 
and consequently is more apt to resist destruction. When tumors occupy 
most of the testis and distend the tunic, rupturing it at one or more 
points, it may be noted that the portion outside the tunic remains viable, 
while that inside is necrotic. This may depend on the strangling effect 
of irradiation edema on cells within a tense tunic. 

Attention should be called to the spurious radioresistance of 
embryonal carcinomas of the testis in some instances. Irradiation may 
convert an active tumor mass into a necrotic hematoma which, of course, 
fails to diminish in size and which gives the impression that one is 
dealing with a resistant tumor. This has occurred especially in chorioma 
of the testis, but also in other types. Chorioma of the testis in itself is 
relatively resistant. Its metastases have given poor reaction to radiation. 


CARCINOMA OF THE URINARY BLADDER 


There is no available information on the relation of structure to the 
irradiation behavior of carcinomas of the bladder. I believe it impos- 
sible to determine this matter from the material at the Memorial Hos- 
pital, since the doses used in cancer of the bladder are extremely large 
(Dean and Quimby **).. The superficial tumors are largely removed 
by electrosurgery, and only the base is implanted with radium. The 
clinically determinable area of infiltration is heavily treated. The extent 
of pathologic infiltration cannot be accurately estimated. If the lesion 
recurs after irradiation, it is difficult to say which dose in the original 
treatment reached the area from whence the recurrence arose. It is 
often impossible to say whether the patient has a recurrence or a new 


88. Dean, A. L., Jr., and Quimby, E. H.: Surg., Gynec. & Obst. 53:89, 1931. 
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lesion. Much more information should be obtainable from the results 
of high voltage roentgenotherapy alone. Barringer ** expressed the 
belief that doses which can be delivered by external means often even 
fail to control hemorrhage. He consequently placed so little emphasis 
on external radiotherapy that his material is little calculated to yield 
data on sensitivity. 

The results of Pfahler *° are so disappointing that they afford little 
to encourage one in the belief that any decided number of tumors of 
the bladder are radiosensitive. Burnam and Neil ** seem insufficiently 
impressed by any degree of sensitivity in their tumors of the bladder 
to place much importance on external irradiation in their therapeutic 
schema. Schmitz and Laibe ** reported excellent results with roent- 
genotherapy and discussed the relation between histology and the clinical 
result, yet, unfortunately for my purpose, they discussed it in terms of 
generalities and not in regard to the tumors they were treating. Gun- 
sett °** described good therapeutic results with roentgenotherapy, but 
failed to discuss them in terms of tumor structure. The question of 
the relation between structure and sensitivity of cancers of the bladder 
must await further analysis. It must await a structural analysis of 
tumors treated by noncaustic dose of roentgen rays. 


CARCINOMA OF THE PROSTATE 


Ferguson ** has recently reviewed the literature on the irradiation 
of prostatic cancer, and he made a decidedly worth while addition. It 
is obvious that the irradiation of prostatic cancer has not been pursued 
in any manner calculated to deliver a reasonable dose to a radioresistant 
glandular carcinoma. Reports on the restraint of prostatic cancer by 
radiation have not adequately considered the wide difference in the 
clinical manifestations and varying duration of different types of pros- 


tatic cancer. Ferguson saw essentially no histologic changes in tumors 
which had received less than 80 per cent skin erythema dose. Doses in 
excess of this amount, but less than 150 per cent skin erythema dose, 
produced changes in some instances but not in all. The main effects 
were fibrosis, arteritis and hyaline degeneration. Transient hydropic 
changes in the tumor cells occurred. Over 150 per cent skin erythema 
dose caused changes in all cases. Fibrosis was marked.  Infiltrating 


89. Barringer: Personal communication to the author. 

90. Pfahler, G. E.: Surg., Gynec. & Obst. 53:680, 1931. 

91. Burnam, C. F., and Neil, William, Jr.: Am. J. Roentgenol. 16:219, 1926. 

92. Schmitz, Henry, and Laibe, J. E. F.: Roentgen-Ray Treatment of Inoper- 
able Carcinomas of the Urinary Bladder, J. A. M. A. 87:1541 (Nov. 6) 1926. 

93. Gunsett, A.: Acta radiol. 13:1, 1932. 

94. Ferguson, R. S.: Am. J. Cancer 16:783, 1932. 
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cells seemed to undergo atrophy from pressure necrosis and capillary 
starvation. Hydropic swelling and fragmentation were observed in the 
larger clusters of cells. Marked alterations in the tumor, approaching 
sterility, were caused only by properly distributed interstitial irradiation. 
Ferguson believes that the total tissue dose should vary between 7 and 
12 skin erythema doses. He reported 1 case only of sensitive prostatic 
cancer. Regression occurred in the primary mass and the metatasis 
of the lung, but not in the bone. Bumpus * found the duration of life 
in cases of prostatic cancer roughly proportional to the milligram hours 
of treatment with radium. 


CARCINOMA OF THE THYROID 


The literature contains many references to the use of radiation for 
malignant tumors of the thyroid. Tinker *° stated that extensive opera- 
tions appear unjustified when the favorable results of partial removal 
followed by radium are considered. Pemberton is of the opinion that 
“probably in no other malignant disease are radium and roentgen ray 
so valuable as in the treatment of malignant tumors of the thyroid.” 
Lahey *’ has said that “when malignant degeneration of a thyroid 


adenoma is diagnosable, it is hopeless surgically. It is here that we 
have seen some of our very best results in a palliative way from x-ray 
treatment.” Forssell °* expressed the belief that next to cancer of the 
skin, lips and uterine cervix, cancer of the thyroid yields the most con- 
stant and valuable results with radiation. Schreiner *’ was less encour- 
aged. Breitner and Just’*°® reported favorable results in cases of 
“sarcoma.” Haas *” 
found carcinoma more sensitive than sarcoma. Clute and Smith *°” 
have the impression that radiation retards growth and delays the reap- 
pearance of malignant thyroid adenomas, but that it is of no value in 


“carcinoma,” and unfavorable results in cases of 


“squamous cell,” giant cell and small cell carcinoma, Portmann ‘*°* 
reported moderate radiosensitivity in the “malignant adenomas,” while 


95. Bumpus, H. C., Jr.: Am. J. Roentgenol. 9:269, 1922; Surg., Gynec. & Obst. 
43:150, 1926. 

96. Tinker, M. B.: The Diagnosis and Results of Surgical Treatment of 
Malignant Goiter, J. A. M. A. 90:508 (Feb. 18) 1928. 

97. Lahey, F. H.: Radiology 6:368, 1926. 

98. Forssell, G.: Am. J. Roentgenol. 12:301, 1924; Brit. J. Radiol. 3:198, 1930. 

99. Schreiner, B. F.: Acta radiol. 7:419, 1926. 

100. Breitner, B., and Just, E.: Mitt. a. d. Grenzgeb. d. Med. u. Chir. 38:262, 
1924, 

101. Haas, W.: Miinchen. med. Wchnschr. 74:1734, 1927. 

102. Clute, H. M., and Smith, L. W.: Cancer of the Thyroid Gland, Arch. 
Surg. 18:1 (Jan.) 1929. 

103. Portmann, U. V.: Strahlentherapie 31:102, 1929. 
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papillary carcinomas, scirrhous carcinomas and carcinosarcomas are 
resistant. Berven '’* reported 15 per cent of 39 patients with “malig- 
nant goiter” well for five years. The majority had inoperable tumors. 

Throughout these papers there is no sufficient information as to the 
exact relation between the structure of the tumor and the response to 
radiation. For example, Portmann found that there is a certain degree 
of sensitivity in “malignant adenoma,” yet in reviewing his papers I 
cannot find that the term malignant adenoma applies to any given histo- 
logic type of tumor. He stated that “what we designate as malignant 
adenoma is a type of carcinoma of the thyroid gland which in 90 per 
cent of the cases can be proved to have originated in a pre-existing 
adenoma.” ‘This statement is further elaborated in the following 
quotation : 


Rarely is the tumor made up of only one type of neoplastic cell. There are 
usually areas in which the morphologic characteristics of fetal adenoma are mixed 
with others which show the characteristic structure of adenocarcinoma, medullary, 
scirrhous, papilliferous or spindle cell carcinoma or a carcinoma resembling sar- 
coma, or any combination of these. 


Haagensen '’® has presented the best structural analysis of tumors 
of the thyroid in relation to their sensitivity. His paper is accompanied 
by illustrations sufficient to clarify the terminology applied to the tumors. 
He found the small cell carcinomas radioresistant. The large spindle 
cell and giant cell carcinomas, which many authors classify as carcino- 
sarcomas, are resistant. Haagensen found that of 9 papillary cystadeno- 
carcinomas (fig. 27), 5 showed no regression, 2 regressed completely, 
1 regressed partially, and in 1 instance in which the primary tumor had 
failed to regress a postoperative recurrence disappeared completely 
after irradiation. Partial regression was noted in 1 Hurthle cell car- 
cinoma metastatic to the lungs. Another similar tumor after slight 
regression remained stationary for five years. In 14 cases of adeno- 
carcinoma (fig. 28), there were 3 complete failures, 5 complete regres- 
sions and 1 slight regression. Of patients with complete regressions, 1 
is dead after three and seven-tenths years. The others are without 
evidence of disease after three and eight-tenths, three and one-half, three 
and nine-tenths and one and eight-tenths years, respectively. Haagen- 
sen’s results do not show that prior incomplete surgical intervention 
interferes with the subsequent result with irradiation. In fact, it is a 
general belief that subtotal surgical removal followed by irradiation 
furnishes the best end-results. 

However, if one attempts to analyze the data in Haagensen’s paper, 
the matter becomes very difficult. The behavior of a tumor which was 





104. Berven, E.: Acta radiol. 10:3, 1929. 
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treated with about 15 skin erythema doses (30 millicurie hours in a 3 
cm. mass) cannot well be compared with that of one which was treated, 
over a four months’ period, with about 4 skin erythema doses, inter- 
mediate voltage, of which not more than 0.5 skin erythema dose could 
have reached the tumor depth at any one treatment. In many of the 
other tumor types there were large variations from one patient to the 


other—differences in anatomic setting and wide variations in the type 











Fig. 27—Thyroid; grade I papillary adenocarcinoma; little removed from 
hyperplasia. The patients are apt to be toxic. Relatively sensitive. 


of radiation therapy, in quantity, source and time interval. There were 
great differences in the length of time the lesions had existed. Some 
patients suffered from advanced tracheal obstruction, although in a 
personal communication Portmann told me that he found this of little 
importance so far as the response to radiation is concerned. I believe 


that as yet there is no adequate series of carcinomas of the thyroid, 
treated with sufficient uniformity and by sufficient doses, to enable one 
to formulate a definite opinion on the sensitivity of these tumors. At 
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the Memorial Hospital I believe the doses, particularly in the older days, 
were too small. Portmann seems to have developed a fairly constant 
therapeutic method, yet the doses described by him are insufficient to 
cause the complete regression of even the oral tumors of moderate 
sensitivity, and I fail to see how one can expect to do much with fully 
aggressive glandular cancer by such means. 

I fully agree with Haagensen that the best regressions are seen in 
the low grade papillary cystadenocarcinomas, and that in highly malig- 
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Fig. 28.—Thyroid; grade II adenocarcinoma. May be relatively sensitive, 
although not uniformly so. 


nant solid or spindle cell cancer (fig. 29) regression may not be 
expected. It seems that many of these low grade papillary cystadeno- 
carcinomas have not attained a full neoplastic autonomy. They may 
be of long duration. They exhibit periods of quiescence followed by 
exacerbation of growth. After excision their recurrences may be 
markedly delayed even though much tumor tissue remains. They often 
appear to be still under certain physiologic restraint. This fact may 
perhaps account for their relatively favorable response to radiation. 





: “t g & 








Even 
cause 
mecha 
metas 
malig} 
W 
of th 
radio 
small 


ar 
\\ 
di 


al 





STEW ART—RADIOSENSITIVITY OF TUMORS 1041 


Even when in the lungs, irradiation of the primary thyroid mass may 
cause regression of the metastases to the lung, thus indicating a 
mechanism at least peculiar. Schaedel *°* described the regression of 
metastases to the lungs, bones and glands in 3 patients with struma 
maligna, after local irradiation of the thyroid. 

Worthy of special mention are the small cell carcinomas (fig. 30) 
of the thyroid. They are described by Haagensen and by others as 
radioresistant. Within the past two years I have studied 4 cases of 


small round cell lesions of tie thyroid. All of these were likewise 

















Fig. 29.—Thyroid; spindle and giant cell carcinoma; very radioresistant. 


studied by Dr. Ewing. In all the question of their being small cell 
anaplastic carcinomas arose. When irradiated, they proved resistant. 


We do not know how to classify them, and, in fact, I believe that the 
diagnosis of small cell carcinoma of the thyroid is a difficult one. They 
are imperfectly separated from the Hashimoto type of Riedel’s struma 
(struma lymphomatosa), and from lymphosarcoma. Portmann 
ound struma lymphomatosa radioresistant. 


has 
The lesions we observed 
were not the usual type of lymphosarcomas as the disease exists else- 


where, since they did not involve nodes. Nor is there evidence that 


106. Schaedel, W.: Miinchen. med. Wchnschr. 69:1282, 1922. 
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they yielded the metastases that might be expected from carcinoma. 
All caused death by tracheal obstruction. The 
and produced a bulky, soft, homogeneous, 
thyroid, grossly suggestive of lymphosarcoma. 


disease ran a rapid course 
diffuse swelling of the 


PRIMARY TUMORS OF THE BONE 


The success of the x-rays in controlling benign giant cell tumors of 


the bone is well known. Just why giant cell tumors regress under 








Fig. 30.—Thyroid; ? round cell carcinoma; ? struma lymphomatosa; radio- 
resistant. 


radiation is not fully known. No opportunity is afforded to study them 
histologically during the healing period. The mechanism probably 
consists in decreasing vascularity, productive fibrosis and calcification. 
Sclerosis, once initiated, may progress of its own momentum without 
additional therapy. Successes are usually accomplished with moderate 
therapy, with doses repeated at long intervals, and massive doses may 
prejudice the result. Obviously, one cannot call giant cell tumors of 
bone radiosensitive in the usual sense of rapid destruction of tumor 
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cells; the process must be one of slow sclerosis. A giant cell tumor 
recurrent after curettage or infected from biopsy is a less satisfactory 
object for treatment than is the uncomplicated lesion. Furthermore, 
recurrences may be fully malignant. Some giant cell tumors appear 
unusually aggressive and locally malignant from the start. This feature 
cannot be regularly predicted from small biopsy specimens. If an 
attempt is made to treat these varieties with small doses calculated 
to control the usual giant cell tumor, they may become resistant to 
irradiation. These patients usually undergo amputation, occasionally 
too late to prevent metastases. Not all types of giant cell tumors do 
equally well under radiation. Large tumors of the upper end of the femur 
or tibia often do badly. It is my impression that giant cell tumors of 
the weight-bearing bones in older persons give poorer reactions to radi- 
ation than similar tumors in younger persons. Giant cell lesions of the 
jaw (I do not mean epulis) are satisfactory tumors for radiation. The 
multiple giant cell lesions occasionally seen involving the extremities 
of numerous long bones may be radiosensitive and regress with little 
treatment. The radiologist who treats these lesions must realize that as 
a rule he is not planning a course of therapy designed to cause regres- 
sion of a malignant tumor of the bone. He is endeavoring to promote 
the sclerosis of a peculiar type of tumor, by no means always progres- 
sively destructive, often tending to considerable spontaneous fibrosis and 
repair. 

The rare examples of cartilaginous variants of giant cell tumors at 
the upper end of the humerus have done well after irradiation. They 
tend to undergo sclerosis and to lay down calcium, much as do other 
giant cell tumors. These tumors have been confused with malignant 
chondrosarcomas, but deserve a separate grouping (Codman'*’). I 
believe that the telangiectatic varieties of benign giant cell tumors, the 
aneurysmal type, are less radiosensitive. Judging from structure and 
comparison, it is assumed that the xanthomatous variants are sensitive. 
When a giant cell tumor has broken through its capsule and is extend- 
ing out into soft tissues, it is much less satisfactory to treat. It is much 
more difficult to produce the desired sclerosis. We have noted especially 
that when giant cell tumors of the acetabulum produce sufficient soften- 
ing to permit driving the head of the femur up through the acetabulum, 
the results of irradiation are apt to be unsatisfactory. So many clinical 
features are involved in the question of irradiation regression of giant 
cell tumors that categorical statements are difficult. 

Irradiation osteitis complicates the irradiation of many malignant 
tumors of the bone. After more severe irradiation, such as falls within 
the upper limits of therapeutic measures now commonly employed, there 


107. Codman, E. A.: Surg., Gynec. & Obst. 52:543, 1931. 
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may be established a progressive productive osteitis which may cause 
marked thickening of the shafts at the expense of the marrow cavity, 
and in the case of cancellous bone may largely replace the fat and cell- 
ular marrow by poorly formed and brittle bone or calcified osteoid tis- 
sue. There are increased fragility of the lamellar bone and a marked 


tendency toward spontaneous fracture. The bone is almost devoid of 
circulation. 









Complete devitalization may occur. The marked susceptibility of 
bone is probably due to the action of secondary rays on the delicate cell 
processes lying in the canaliculi, and secondarily to physical changes in 
the composition of the lamellae of the bone (Ewing ’®*). Regaud 
found that irradiation necrosis of bone is characterized by a long delay 
in sequestration. These features are probably due to sclerosis of the 
blood vessels of the haversian systems. Bone devitalized by radiation 
is extremely susceptible to infection with spreading suppurative peri- 
ostitis. 







Sclerosing osteogenic sarcomas are extremely radioresistant.™ 
They are unsuitable for irradiation. Osteogenic chondrosarcomas may 
show temporary regression under massive doses. Relief from pain may 
be striking. Calcification may occur in projecting tumors of the soft 
parts and the radiologist may be deluded into believing that he is con- 
trolling the process. Then, almost uniformly, after a period of a few 
months, the pain recurs, growth is resumed, and the patient undergoes 
amputation, even though only palliative, for the relief of pain, which 
becomes intolerable. Periosteal osteogenic sarcomas, although less resis- 
tant than the sclerosing varieties, are nevertheless fully resistant. The 
cellular, telangiectatic small cell osteogenic sarcomas are apt to show 
pronounced regression with irradiation. In some instances this regres- 
sion has been so marked that, on the basis of response to radiation, a 
clinical diagnosis of endothelial myeloma has been erroneously made. 
Such tumors show a cellular small spindle cell or polyhedral cell strue- 
ture and may closely resemble endothelial myelomas. Large spindle and 
giant cell telangiectatic osteolytic tumors fail to show appreciable regres- 
sion with irradiation. Destructive osteolytic sarcomas of the bone 
(fig. 31) regularly recur after primary regression. Despite the radio- 
resistance of osteogenic sarcomas as a group, it is frequently possible, 
in the presence of metastases, to cause sufficient relief from pain by 
irradiation to enable the patient to avoid amputation. Mention must be 
made of occasional unusual successes in the control of osteogenic sar- 
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coma. Such successes are rare. Several have occurred in the central 
spindle cell myxosarcomas of the calcaneus in young patients. In 1 
instance both the primary lesion and a solitary pulmonary metastasis 
were sensitive, and there is reason to believe that life was appreciably 
prolonged. Despite rare successes, I have not been impressed with the 
results of irradiation of osteogenic tumors save as a palliative measure. 

Most endothelial myelomas (fig. 32) are highly radiosensitive. 
Occasionally one sees a resistant endothelial myeloma. The reason for 





Fig. 31—Bone; osteolytic osteogenic sarcoma; very cellular; cells rather 
small; delicate blood supply, yet radioresistant. 


the resistance in certain cases is unknown. We have found an unusual 
circulation consisting of well defined, thick-walled vessels in resistant 
endothelial myelomas and believe that these circulatory conditions mili- 


tate against sensitivity. The metastases are apt to be very sensitive. 
Most endothelial myelomas recur after irradiation. In many of the 
earlier patients treated at the Memorial Hospital the initial regressions 
were of such order that the clinician was lulled into false security. 
Under present methods of treatment recurrence is the rule. I believe 
that there should be a decided change in the method of irradiating these 
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tumors, and that massive doses should be replaced by divided irradiation 
as in the case of the sensitive intra-oral lesions. The best result I have 
personally observed was secured by that method. The various mye- 
lomas, plasmocytoma, myeloblastic myeloma and lymphoid myeloma, 
are exceedingly radiosensitive. I observed marked sensitivity in 2 prob- 
able reticulum cell lymphosarcomas of the bone (fig. 33). In neither of 
these cases was I certain of the diagnosis, yet from the histology it 
seemed most probable. It is possible that 1 of the tumors was of extra- 











Fig. 32—Bone; very radiosensitive endothelial myeloma (Ewing tumor). 
osseous origin, probably lymphosarcoma of the abdominal lymphoid 
structures, since signs of abdominal tumor developed about one year 
after treatment, and the patient died. No autopsy was obtained. 

The known metastatic lesions of lymphosarcoma, when they occur 
in bone, are radiosensitive. Hodgkin’s disease in bone is common. It 
is apt to be radiosensitive. Frequently, however, the process is sclerotic. 
The lesions of the bone may occur early in the course of the disease or 
may be late manifestations. When extensive, anemia is usually marked, 
and the patients are unsatisfactory subjects for treatment. Hence, the 
sensitivity is but rarely of more than academic interest. 
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Liposarcomas of the bone are rare. I** described 3 cases. Since 
that time several have appeared in the Bone Sarcoma Registry of the 
American College of Surgeons. The cases from the Memorial Hospital 
were from moderately to markedly radiosensitive. One was so sensitive 
that the tumors were reduced to nothing but masses of blood clot. 

The xanthomatous “tumors” of Christian’s syndrome (diabetes 
insipidus, exophthalmos and multiple xanthomatous tumors of mem- 


Tee, 





Fig. 33—Bone; very radiosensitive primary reticulum cell sarcoma. 


brane bones) are favorably influenced by radiation; the bone defects 
tend to heal. They regress under small doses ( Rovida *'*). 


NEUROGENIC SARCOMA 
Tumors variously designated as neurogenic sarcomas, neurinomas, 


schwannomas, peripheral gliomas and perineural fibroblastomas are 
radioresistant (Stewart and Copeland*'*). Certain rapidly growing 


111. Stewart, F. W.: Am. J. Path. 7:87, 1931. 
112. Rovida, Francesco: Radiol. med. 19:667, 1932. 
113. Stewart, F. W., and Copeland, M. M.: Am. J. Cancer 15:1235, 1931. 
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tumors clinically diagnosed at the Memorial Hospital as neurogenic 
sarcomas have shown marked sensitivity. No sections were made, and 
when these results are compared with results in patients for whom 
histologic diagnoses were available, they are far from striking proof 
of the sensitivity of this disease. Even very cellular, small cell, neuro- 
genic tumors (fig. 34) have grown under radiation. Any favorable 
response usually requires large doses. Interstitial radium has cured a 














Fig. 34.—Neurosarcoma of median nerve. Very cellular; cells seem to possess 
certain embryonal qualities, yet are highly radioresistant. 


few patients. The difficulty with its use is usually that the tumors, 
when first seen by the radiologist are too large to permit efficient distri- 
bution of adequate quantities of radium. Furthermore, such treatment 
results in cure by irradiation and is not in itself indicative of any par- 
ticular degree of radiosensitivity. External irradiation has caused dis- 
appearance of an occasional tumor to the accompaniment of prolonged 
slough of normal tissues. The successful irradiation of neurogenic 
sarcoma converts the mass into indolent scar tissue, extremely dense 
and hyaline. This mass undergoes progressive atrophy. A few low 
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grade neurogenic sarcomas, differing little in histologic structure from 
neurofibromas, will show slow progressive regression and eventual dis- 
appearance after doses of external irradiation well tolerated by the 
normal structures. Yet these cases seem to be few. 

The natural history of a neurogenic sarcoma is such that it is vir- 
tually impossible to say whether a new mass in the irradiated field is a 














Fig. 35.—Ganglionic neuroblastoma, probably arising in cervical sympathetic : 
A, before irradiation; B, after irradiation. 
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Fig. 36.—Ganglionic neuroblastoma metastatic to lungs: A, before irradiation ; 
B, after irradiation. The tumor recurred and caused death. 


new tumor or a recurrence in the usual sense. The tumors are fre- 
quently of multicentric origin, arising from numerous nerves in a locus. 
If one examines an excised neurogenic tumor, it may be possible to find 
the initial changes leading to new tumors in the surrounding nerves 
excised with the primary mass. This might lead one to suppose that 
external irradiation might be used after operation to restrain the growth 
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of tumor masses originating from surrounding nerves in the scar or in 
the adjacent territory, yet Stewart and Copeland, in a large series of 
~ases, could not find evidence that such irradiation was efficacious. 
The irradiation of neurogenic sarcomas is a highly unsatisfactory field, 
Surgical intervention is equally so. Perhaps in no other field of neo- 
plastic diseases is a comparatively innocent looking tumor from the 
histologic standpoint so fraught with ultimate danger to the patient. 
The reason for the radioresistance of neurosarcomas is not clear on 
a histologic basis alone. Many of the tumors show all the features 
which might lead one to believe they were sensitive. Their resistance 
is probably to be interpreted in the light of their neural origin and in 
the light of the well known great radioresistance of nerve tissue. The 
neuroblastomas, tumors made up of small neuroblastic rosettes or con- 
taining large numbers of poorly developed ganglionic elements, do not 
share the usual resistance of neurogenic tumors.. The retroperitoneal 
and suprarenal groups are highly sensitive. I have observed recently a 
ganglionic neuroblastoma probably arising in the cervical sympathetic 
ganglions in a young boy. Under irradiation, the tumor proved as 
sensitive as a lymphosarcoma. Large pulmonary metastases filling 
much of the chest regressed dramatically, recurred and regressed again 
until the patient could tolerate no further treatment (figs. 35 and 36). 


“FASCIAL” SARCOMA 

Fascial sarcomas constitute a complex group of variable histology 
and probably different histogenesis. They are spoken of as fascial 
sarcomas largely because their exact histologic origin is not readily 
determined. Some exhibit a structure resembling periosteal, nonossi- 
fying sarcoma. Others probably originate in fat tissue. Some are 
neurosarcomas. There is reason to believe (Stewart and Copeland) 
that many of the extraperiosteal fibrosarcomas are of neurogenic origin, 
since the patients may have either stigmas of von Recklinghausen’s 
disease or other sarcomas clearly of neural origin. There is a group 
of myxosarcomatous tumors made up largely of almost acellular mucin, 
their cellular elements consisting mainly of capillaries and sprouting 
endothelial buds. They may have a telangiectatic circulation. Necrosis 
and cystic degeneration are common. Some appear grossly to consist 
in structureless jelly masses. They may occur anywhere. The sole 
seems to be a favorite location. Since the active elements consist almost 
wholly of vascular sprouts, the lesions may show a decided restraint 
of growth under irradiation. Actual total regressions are rare. The 
extraperiosteal tumors of neural origin show the resistance of neuro- 
genic sarcomas. In general, the irradiation treatment of the tumors is 
unsatisfactory. 
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RHABDOM YOSARCOMA 


Rhabdomyosarcoma is a rare tumor. In the few patients with this 
disease who have been treated at the Memorial Hospital, the tumors 
have been radioresistant. 

LIPOSARCOMA 


Malignant tumors of fat tissue afford the radiologist a happy relief. 
Contrary to the behavior of the majority of the sarcomas of the soft 
parts, these tumors usually show from moderate to marked radio- 
sensitivity. There is no good explanation for such sensitivity. The 
tumors may consist of rather well developed, adult-looking fat cells. 
There is nothing inherent in fat tissue which would make one suppose 
that tumors of the fat tissue would be radiosensitive. The cells consist 
of narrow rings of cytoplasm filled with fat, which compress the nucleus 
toward the periphery of the cell. The metabolism of fat tissue is not 
considered active. Under interstitial irradiation, fat tissue breaks down, 
forming oil cysts and producing an indolent inflammatory tissue with 
giant cells of the foreign body type. Fibrosing, sclerosing reactions 
are poorly developed, rendering fat tissue a poor medium for restraint 
of growth. Nevertheless, even when these liposarcomas are made up of 
adult-looking fat cells, they are relatively radiosensitive (fig. 38). 

Certain liposarcomas have a cellular structure made up of from 
small to medium-sized hyperchromatic polyhedral cells (fig. 37). They 
show other areas of nearly purely xanthomatous or xanthosarcomatous 
structure. Such tumors are highly sensitive, and yet are apt quickly to 
yield diffuse metastases. Other tumors reveal bizarre pseudo-alveolar 
formations, with large fat-filled or xanthomatous giant cells. More 
adult-looking liposarcomas often show myxomatous degeneration. They 
may occur anywhere in the soft tissues, subcutaneous, fascial or mus- 
cular—where it may be difficult to distinguish them from angiomas of 
the muscle, since they are extremely vascular—in the orbit, especially 
about the knee joint and in the retroperitoneal region of the perirenal 
fat tissue. Fairly adult-looking tumors may yield distant subcutaneous 
metastases. The small round to polyhedral cell lipogenic tumors may 
yield to doses little more than sufficient to cause regression of the more 
resistant lymphosarcomas. They have been cured by radiation even 
when bulky postoperative recurrences were present. 


SYNOVIAL TUMORS 


Tumors of the synovial membrane are complex and imperfectly 
analyzed. They may exhibit a mixed structure, suggesting in part an 
origin from synovial mesothelium, and in other portions an endothelial 
or perithelial origin. Some suggest a relation to the giant cell tumors 
of tendon sheath origin. Others have a xanthosarcomatous or lipo- 
sarcomatous element. Some are so cellular and composed of indifferent 
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round cells that only radiographic evidence permits their distinction 
from endothelial myelomas. The more malignant varieties recur in 
amputation stumps, and rapidly yield pulmonary metastases. They 
may, in contradistinction to most sarcomas of the soft parts, metasta- 
size to nodes. Many of these tumors appear radiosensitive, and yet 
with the doses so far utilized in their treatment at the Memorial Hos- 
pital they have not yielded satisfactory results. No definite opinion 
can be expressed as to their radiosensitivity until they have been handled 
more aggressively than has hitherto been the case. It seems safe to 














Fig. 38.—Radiosensitive liposarcoma; rather adult fat cells. Primary tumor 
and metastases radiosensitive. 


admit, however, that their response to radiation will not be of the nature 
of a dramatic disappearance of growth. 


MELANOMA 


The records of the Memorial Hospital contain about 250 cases of 
melanoma. These tumors are almost uniformly highly radioresistant. 
About 2 per cent have some degree of sensitivity. There is nothing in 
their structure which permits a diagnosis of radiosensitivity. They are 
apt to be as resistant or even more resistant than the surrounding 
normal tissues and may sprout up under sufficient interstitial irradia- 
tion to destroy the tumor bed. Fulminating, widespread, hematogenous 
metastases to the skin and subcutaneous tissues may be sensitive. In 


fact, their occasional instability is revealed in the rare spontaneous dis- 
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appearance of nodules here and there. Such sensitivity is of no thera- 
peutic interest. After prolonged attempts at the irradiation treatment 
of melanoma, I believe that once the course of the disease is estab- 
lished in the direction of the lymphatic rather than the hematogenous 
mode of dissemination, aggressive surgical intervention is far better 
than irradiation. The most satisfactory regressions with irradiation in 
my personal experience have been in the conjunctival group. Whether 
or not there is a regional peculiarity in the behavior of the disease in 
this location must be determined from further experience. The proba- 
bility is that the results were merely due to beta irradiation of superficial 
lesions and not to any unusual radiosensitivity. 


ANGIOMA 

Angioma occurs in a variety of types. Naturally, these various 
lesions differ in their response to radiation. There are the simple 
spidery angiectases which yield to small amounts of beta radiation. 
There are the simple port wine nevi which blanch with radiation, 
especially in young subjects, but which tend to become more resistant 
with increasing age. Another variety constitutes the hemangioma hyper- 
trophicum cutis. These lesions are often bulky and exuberant-looking 
in sections, and may suggest angiosarcomas. They are only moderately 


radiosensitive. The bulky, deeper angiomas, especially when aneurysmal 


features are present, are relatively resistant tumors. They do not do 
well with radiation, save when it is administered by interstitial means. 
Then they may yield by thrombosis and local sclerosis, a gradual cutting 
down of the circulation and not true radiosensitivity. The angiomas of 
the Osler-Rendu-Weber type present a variety of structures. Different 
anatomic forms must act differently under radiation. Little is known 
concerning the behavior of true angio-endotheliomas. In the literature 
this is a common diagnosis. In our own laboratory we rarely see such 
cases. The angio-endothelioma of Kaposi (multiple hemorrhagic 
sarcoma) shows considerable variation in its response to radiation. 
Most cases of this disease are radioresistant. In one patient regression 
of the tumors required doses sufficient to sterilize squamous cancer. 
Furthermore, there was no assurance that the disease would not recur 
at the immediate periphery of the treated area. Whether this was 
recurrence in the true sense or merely the result of the continued 
presence of some causative agent cannot be determined. This case, 
like several other Kaposi types we have studied, behaved like a true 
infectious disease with, however, a distinctly neoplastic histology. In 
other patients the presence of marked infection has obscured the 
response to irradiation. Some cases of Kaposi's disease have yielded to 
the x-rays (Collins'*). For that matter, some lesions appear to 


114. Collins, J. N.: Am. J. Roentgenol. 26:269, 1931. 
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regress with no treatment. Tumors of the glomus type (Masson’s 
angiome neuromyoartériel) have so far appeared relatively radio- 
resistant. 

Lymphangioma is quite a different problem. The lymphangiomas 
are highly radioresistant. ‘Their resistance is probably an expression of 
the well known resistance of lymphatics to radiation (Wood **). 


SQUAMOUS AND BASAL CELL CARCINOMAS OF THE SKIN 

The squamous carcinomas of the skin do not appreciably differ in 
their behavior to radiation from those of the lips, oral mucous mem- 
branes and cervix. Hence they are omitted from further discussion. 
Basal cell epitheliomas (tricho-epitheliomas of Regaud and others) 
are relatively radiosensitive lesions. When adenoid features develop 
the tumors become more resistant, and, in the vast majority of cases, 
when the structure of adenoid cystic epithelioma is approached, they 
are very resistant. The behavior of the usual basal cell epithelioma is 
greatly dependent on the tumor bed. Nothing is more resistant than 
the basal epithelioma invading bone or cartilage; hence their evil 
prognosis when they have attained any decided degree of infiltration 
about their common site, the face. Long experience with basal cell 
epitheliomas (there were 1,374 patients with this disease treated in 
Memorial Hospital in the twelve year period of 1917 to 1929) has 
taught us that previous insufficient irradiation of a basal cell lesion 
increases the resistance of the carcinoma and diminishes that of the 
tumor bed, thus eventually leading to an undesirable set of circum- 
stances. It is believed highly desirable to destroy the lesion at a single 
exposure. 


LYMPHOMA, LYMPHOSARCOMA, LYMPHOGRANULOMA, LEUKEMIA 
The radiosensitivity of lesions of the lymphoma group is so well 
known in every institution where radiation is administered that it seems 
scarcely worth while to reemphasize it in the present paper. The 
malignant lymphocytomas and reticulum cell lymphosarcomas are 
highly radiosensitive. Rarely one encounters a relatively radioresistant 


lymphosarcoma, and the disease progresses with great rapidity. Under 
such circumstances the structure is often that of giant reticulum cell 
sarcoma. It is difficult to explain the occasional resistance of the 


lymphosarcoma. In many respects the disease is peculiar. It involves, 
usually at the onset, a small group of nodes. The surrounding nodes 
may exhibit varying degrees of giant follicular hyperplasia. It is well 
understood that the normal lymph node is a relatively resistant 
structure. It is possible that in treating lymphosarcoma one causes 
regression of the diseased nodes, but that in response to the continued 





1056 ARCHIVES OF SURGERY 


exciting stimulus new closely adjacent nodes are brought into neoplastic 
activity thereby simulating a recurrence? The actual cure of lympho- 
sarcoma is an extreme rarity unless one accepts the statistics of Berven 
on tonsillar lymphosarcoma. Berven *° reported many apparent cures 
of tonsillar lymphosarcoma, so many in fact that one wonders whether 
some were not cellular lympho-epitheliomas of the Schmincke type. 
Serven stated that in many of his patients the tonsil was large and 
ulcerated. At the Memorial Hospital we find actual ulceration rare in 
cases of tonsillar lymphosarcoma but common in those of lympho- 
epithelioma. Incidentally, many tonsillar tumors which five years ago 
we should have called lymphosarcomas we now recognize as lympho- 
epitheliomas. 


The lymphadenomas of the Brill-Symmers type are very radio- 


sensitive. The lesions of the lymph nodes in lymphatic leukemia are 
also sensitive, especially when they approach the structure of lympho- 
cytoma. When merely of the hyperplastic type, as in pseudoleukemia, 
they are somewhat more resistant. Mikulicz’ syndrome on a leukemic 
basis is very radiosensitive. The simple lymphomas vary extraordinarily 
in their responses to radiation. This variation cannot be accurately 
predicted from their microscopic appearance. 

The lesions of the lymph nodes in Hodgkin’s disease are often highly 
radiosensitive, although somewhat less so than lymphosarcomas. In 
the sclerosing, fibrotic lesions radioresistance is the rule. Some authors 
report the cure of Hodgkin’s disease by radiation. At the Memorial 
Hospital we have had no cures in cases in which the diagnosis was 
confirmed in our own laboratory and in which the lesion was typical. 
In passing it may be well to note that “prophylactic” irradiation of 
uninvolved areas does not prevent later involvement. 

The sensitivity of the various lesions of myelogenous leukemia is 
well known. This sensitivity is so marked that it may occasionally 
lead to disaster. We have seen radiation convert a leukemic spleen 
into a massive thrombosed hematoma, followed by death from embolism. 
The bulky deposits in the nodes, which may occur late in leukemia as 
a result of embolic myeloidization of the nodes, are radiosensitive. This 
lesion is supposedly rare, yet I found it to a marked extent in 4 
successive leukemic autopsies during the current year. The sensitivity 
of such deposits in the lymph nodes is not of therapeutic interest, 
since it marks a terminal phase of the disease. 

That there are differences in the radiosensitivity of the various 
cell types in the blood-forming organs was early shown by the studies 
of Heineke."° He found that after irradiation the various white 
cells disappeared from the marrow in the following order: (1) lympho- 


115. Heineke, H.: Deutsche Ztschr. f. Chir. 78:196, 1905. 
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cytes, (2) nongranular mononuclear cells, (3) eosinophils, mast cells 


and giant cells, (4) myelocytes and polymorphonuclears. The erythro- 


cytes were “nur wenig geschadigt” (only slightly injured). Casati **® 
irradiated the bone marrow of rabbits, giving doses of 400 roentgens 
once repeated. He found no clear changes prior to two weeks after 
irradiation. He stated that the myelocytes differentiate to polymorpho- 
nuclear cells and that the myeloblasts change to fibroblasts. In case 
there is no regeneration of myeloblasts, the marrow becomes fibrotic. 
More recently Sabin, Doan and Forkner''* found, after intravenous 
injection of radioactive materials (radium chloride and mesothorium), 
that the bone marrow as a hematopoietic organ is less sensitive than the 
lymph nodes. They expressed the belief that with certain doses of 
radio-active material, the fundamental damage in the lymphoid tissue is 
to the stem cell and especially to the nuclear chromatin of these cells. 
They described a period of stimulation of the stem cells; second, a 
shift to the immature stage known as the lymphoblast; third, a 
depletion of the nodes due to such damage to the stem cells that the 
losses in lymphocytes could no longer be made up. The studies of 
Sabin, Doan and Forkner indicate that the thymic cells are affected in 
the same manner as the primitive stem cells of the lymph nodes, and 
that they are less resistant to radiation than the mature lymphocytes. 
The concept of particular effects on the special formative cells of the 
lymph nodes is of considerable interest to the radiologist and fits well 
with the concept of the particular effect on the “‘cellules souches” in 
many tumors. 
THYMOMA 

Thymoma is frequently diagnosed radiographically. Our observa- 
tions coincide with those of Haagensen, that it is not so simple to 
verify a diagnosis of primary thymoma at autopsy. Many tumors 
which throw shadows suggestive of thymoma and which regress 
promptly under irradiation only to return at a later period fail to show 
a gross anatomy definitely indicative of thymic origin, although bulky 
masses Occupying a position in the anterior mediastinum over the great 
vessels at the base of the heart are certainly suggestive of thymic 
origin. At times the bronchial and hilar nodes may be involved in 
contiguity with the pericardial mass, and it becomes impossible to verify 
the thymic origin. 

It seems assured that thymic tumors may have a multiplicity of 
structure, such as lymphocytomas, reticulum cell sarcomas (fig. 39), 
large atypical lymphosarcomas, Hodgkin’s sarcomas and granulomas, 


116. Casati, Annibale: Strahlentherapie 32:721, 1929. 


117. Sabin, F. R.; Doan, C. A., and Forkner, C. E.: J. Exper. Med. 56:267, 
1932, 
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true carcinomas (figs. 40 and 41) of varying type, either anaplastic 
large polyhedral cell tumors or carcinomas with many Hassall’s cor- 
puscles. It is probable that lymphosarcomas of the thymus behave much 
as lymphosarcomas elsewhere. They usually recur. At the Memorial 
Hospital there is a record of but a single prolonged cure, now nearly 
eleven years, of a patient with a bulky tumor, probably of thymic origin, 








Fig. 39.—Radiosensitive mediastinal tumor ; lymphosarcoma, possibly thymic. 


which filled nearly the entire chest. This tumor vanished after a small 
amount of low voltage irradiation. The patient is well, and the result 
has never been duplicated. Haagensen ''* found that the small cell 
anaplastic carcinomas of the thymus show little benefit from radiation. 
One patient with thymic carcinoma containing many large Hassall’s 
bodies showed some regression about on the order of that to be expected 
with a moderately sensitive epidermoid carcinoma, but nothing of strik- 
ing character. 


118. Haagensen, C. D.: Am. J. Cancer 16:723, 1932. 
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Some authors are so certain about the irradiation behavior of these 
mediastinal tumors that they offer differential diagnoses according to 
their responses to radiation. I feel considerable less certainty in the 


matter. Evans and Leucutia’'’ expressed the belief that “tumors 
originating from proliferation of the lymphatic cell element—including 
lymphosarcoma, thymoma, lymphatic leukemia, pseudoleukemia and 


simple lymphoma—”’ entirely disappear within from four to ten days 





Fig. 40.—Radioresistant thymic carcinoma. 


following one skin erythema dose of high voltage roentgen therapy. 
Tumors originating from proliferation of the reticulo-endothelial ele- 
ment of the mediastinal nodes or thymus, including Hodgkin’s disease, 
Sternberg’s type of hyperplastic tuberculosis and endothelioma, are 
reduced to half size in ten days and entirely disappear within five or 
six weeks. Primary carcinoma and sarcoma show more or less reduc- 


tion in size, but rarely disappear within six weeks following irradiation 


119. Evans, W. A., and Leucutia, T.: Deep Roentgen-Ray Exposure, J. A. 
M. A. 85:1215 (Oct. 17) 1925. 
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with a similar dose. I regret to state that our observations fail to 
support the contentions of Evans and Leucutia as regards standardized 
type responses. Doub**® reported thymomas sensitive to radiation. 
Lenk **' found thymic cancer thoroughly resistant. 


TUMORS OF THE BRAIN 


Published reports indicate that on the whole tumors of the brain 
show little radiosensitivity. Thus, Bailey, Sosman and Van Dessel 122 




















Fig. 41—Thymoma with large hyaline Hassall’s bodies. It is radioresistant, 
yet its lymphatic metastases tended to regress about to the same degree one would 
expect in the case of oral carcinomas of medium sensitivity. 


stated that roentgen therapy will not cure any glioma. They recog- 
nized some favorable effect in medulloblastomas, a slight favorable 


120. Doub, H. P.: Radiology 14:267, 1930. 

121. Lenk, Robert: Die Réntgendiagnostik der intrathorakalen Tumoren und 
ihre differential Diagnose, Berlin, Julius Springer, 1929. 

122. Bailey, Percival; Sosman, M. C., and Van Dessel, Arthur: Am. J. Roent- 
genol. 19:203, 1928. 
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effect, but less so, in spongioblastoma multiforme, a possible influence 
in astroblastomas and a slight effect in astrocytoma protoplasmaticum. 
Sargent and Cade *** were somewhat more optimistic. They found the 
best irradiation results in astrocytomas and medulloblastomas. They 
found it difficult properly to assess the results in oligodendrogliomas. 
The response in spongioblastoma multiforme is variable. A few patients 
have secured complete regression of symptoms. I have had no personal 
experience whatever in the field of tumors of the brain and therefore 
cannot express an opinion. 

In the case of pituitary adenomas with or without the acromegalic 
and Frohlich syndromes, encouraging results have followed irradi- 
ation. Béclere ‘** stated that irradiation is the method of choice in 
pituitary tumors. He gave a wide review of the literature on this sub- 
ject. Nemenow and Jugenburg’*> expressed the belief that (1) 
good results may be expected in adenomas of the anterior lobe; (2) 
good results may be expected when the Frohlich syndrome is due to 
pressure on the intermediate and posterior lobe; (3) no results follow 
when tumors of the third ventricle and of the midbrain are present ; 
(4) no result follows irradiation of suprasellar cysts. The authors 
stated that in some cases of radiosensitive pituitary tumors radiation 
will restore health and bring back vision when the subjects are almost 
blind. 

ORBITAL AND BULBAR TUMORS 


Very little systematic information is available on the behavior of 
various types of orbital and bulbar tumors following irradiation. The 
lymphomas may be radiosensitive ; some are certainly resistant. Neuro- 
sarcomas of the orbit have been very resistant. Retro-ocular liposar- 
comas have given moderate regression followed by recurrence. The 
ocular melanomas are extremely radioresistant. In cases of neuro- 


epithelioma of the retina and of retinoblastoma considerable regressions 
have followed irradiation. Recurrence is the rule. Some patients with 
retinal gliomas have been cured by external irradiation. The tumors 
were small. Irradiation seems most successful when after one of these 


usually bilateral gliomas has attained such a size that it becomes clini- 
cally discoverable attention is directed to the opposite eye, in which a 
small tumor is detected. Irradiation of these smaller tumors may result 
in cure with conservation of vision. Successes have been reported by 
Axenfeld,'*® di Marzio and Salvatori,’** Moore *** and Knapp and 


123. Sargent, P., and Cade, S.: Brit. J. Surg. 18:501, 1931. 

124. Béclére, Antoine: Strahlentherapie 31:42, 1929. 

125. Nemenow, M., and Jugenburg, Anna: Strahlentherapie 30:239, 1928. 
126. Axenfeld, in discussion on Hartung: Klin. Wchnschr. 9:811, 1930. 
127. di Marzio, Q., and Salvatori, G. B.: Strahlentherapie 43:68, 1932. 
128. Moore, R. F.: Brit. J. Ophth. 14:145, 1930. 
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Liidin.'*® Benedict **° reported regression of retinoblastomas. Very 
large doses were required. A posterior cortical cataract occurred as a 
later complication. 
CONCLUSIONS 

My purpose has been to emphasize the complexity of the problem 
of radiosensitivity. I have called attention to the difficulties of estab- 
lishing hard and fast rules. I have encouraged the notion that ideas of 
tumor sensitivity may change with changes in radiologic technic. | 
have called attention to the need of expressing response to radiation in 
terms of dosage. Peculiarities in the behavior of certain tumor types 
have been noted, and differences in the responses of apparently similar 
tumors in different regions have been discussed. Much of the paper 
has unfortunately been devoted to the statement of observed facts, which 
are often wholly unexplained. It is difficult to summarize in a few 
sentences material which many pages have but incompletely described, 
yet since some crystallization is necessary, the following brief para- 


graphs may serve. 


1. Radiology is an active science. Ideas and methods are constantly 
changing. As methods change, notions of what may be expected from 
irradiation of tumors will also change. For example, if current ideas 
of radiosensitivity were derived wholly from observations made in the 
days when the low voltage x-rays represented the entire therapeutic 
armamentarium, then sensitive tumors would be rare and the field of 
radiology limited. Improved methods, while they alter no fundamental 
principles, constantly widen their applicability to the advantage of the 
patient with cancer. 

2. Radiosensitivity may mean rapid tumor regression, slower pro- 
gressive regressions over a period of from days to weeks or slow 
chronic atrophy requiring months or perhaps a year for completion. Of 
course, the same mechanisms are not responsible for these various 
responses, nor do they occur in the same types of tumors. Radio- 
sensitivity does not mean the certainty of cure by irradiation, nor does 
radioresistance imply that a given tumor is not curable by irradiation. 

3. Certain tumors seem to possess inherent properties of radioresis- 
tance, as witnessed, for example, in the melanomas and neurogenic 
tumors. 

4. Radiosensitivity increases with increasing embryonal quality of 
the tumor cells. By embryonal quality I do not imply that all tumors 
of embryonal origin are equally radiosensitive, since embryonal qual- 


129. Knapp, Paul, and Liidin, Max: Klin. Monatsbl. f. Augenh. 83:279, 1929. 
130. Benedict, W. L.: Retinoblastoma in Homologous Eyes of Identical Twins, 
Arch. Ophth. 2:545 (Nov.) 1929. 
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ity is a relative attribute and many embryonal tumors rapidly acquire 
adult characteristics, for example, the complex teratomas. 

5. Radiosensitivty increases with the increasing degree of anaplasia. 
This rule is subject to interpretation, for not all anaplastic tumors are 
radiosensitive. Some are highly resistant, and unless the exact type of 
anaplastic tumor is specified, anaplasia may be of little significance. 

6. Radiosensitivity is always a relative property. When one states 
that a carcinoma of the breast, for example, is radiosensitive, one should 
imply that it is sensitive according to the accustomed scale of behavior 
of tumors of the breast and not according to the same scale of sensi- 
tivity one applies to lymphosarcoma. 

7. Tumors are apt to be more sensitive in young subjects. An 
anemic or cachectic person is a poor subject for radiation. 

8. Infection interferes with a normal response to radiation. 

9. Desmoplastic tumors are apt to be radioresistant. 


10. The tumor bed is of great importance. A normal tumor bed is 
generally favorable. Bone, cartilage and fat make unfavorable mediums 
for reactive processes and hence for regression of the tumor. An 
avascular bed is unfavorable for response to radiation. 

11. Tumors, when metastatic to lymph nodes, may be more or less 
sensitive than the primary tumors. This phenomenon is not fully 
explained. Metastases to the lymph nodes, long established, tend to be 
less sensitive than recent emboli. The old metastasis has had time to 
acquire its definitive blood supply and to adapt itself to its new sur- 
roundings, while the recent embolus is still foreign to its new soil. A 
recent, rapidly growing metastasis is more apt to be unstable than a 
smaller metastasis of longer duration. Cystic nodes are apt to be resis- 
tant. 

12. Bulky tumors may become resistant after infarction and lique- 
faction, even though they belong to usually sensitive types. This may 
be due to the fact that fibrosis proceeds slowly and inefficiently under 
such conditions. The cells in the liquefied areas are removed from 
restraining fibrosis. The same explanation may be applied to the resis- 
tance of tumor cells lying in the midst of degenerative or secretory 
mucin, for example in gelatinous carcinomas, mucinous ovarian adeno- 
cystomas, degenerating chondroblastic tumors or Schneiderian cancer 


with an overproduction of mucous. Secretion, however, is the expres- 


sion of the assumption of adult character in a tumor cell and hence must 
supposedly render it more resistant. 

13. The anatomic characteristics are of decided importance. Among 
these may be mentioned the papillary character, delicacy of the blood 
supply and enclosure within a firm capsule, which may result in the 
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obliteration of circulation after irradiation has caused the tumor to 
become edematous. Diffuse lymphatic plugging by tumor cells may 
lead to edema and interference with cell-fluid exchanges. 

14. In the case of certain tumors some unknown physiologic mech- 
anism seems involved in the response to radiation. Examples of this 
appear in myoma uteri and carcinomas of the breast, ovary and thyroid. 


15. The effect of radiation is always complex. It involves not only 


the tumor cell, but the tissues of the host, and possibly general reactions 
on the part of the host. The ultimate effect of the radiation must 
always result from a nice balance between tumor effect and response 
of the host tissue. The relative importance of the two mechanisms 
varies in different tumors. In some instances the known sensitivity is 
such that the radiologist may endeavor to destroy the tumor cells. In 
others he can but hope for restraint of growth by moderately affecting 
the tumor cell and trusting that the responses of the host tissue will 
play a decided role. Under such circumstances tumor cells may remain 
in an indolent state in the midst of fibrous tissue for many years with- 
out giving rise to further damage. 

16. Unfortunately, more particularly in the case of the extremely 
sensitive tumors, the radiologist is apt to be so impressed with the initial 
regression of the disease that he fails to push his treatment to tolerance 
and waits until, after a period of quiescence, the disease recurs in a 
more resistant form, when he must essay to do under poorer conditions 
what he failed to do at the start. 
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In recent years the allergic hypothesis for the etiology of chronic 
arthritis, especially the proliferative type, has received considerable 
attention.. According to this theory, the articular changes are local 
manifestations of a generalized allergic state. As early as 1902, Menzer * 
suggested that streptococci first gained access to the joints, but that this 
did not result in inflammatory changes until antibodies were produced. 
Further researches by Weintraud,* Henry,* Faber,’ Friedberger,° 
Freiberg,’ Klinge * and Gudzent ° demonstrated that arthritic changes 
could be produced in experimental animals by first sensitizing the animal 
to bacterial or nonbacterial proteins and then by injecting the antigen 
into the joints. Similar results were obtained if the antigen was injected 
first into the joint and later into the general circulation. Swift *® and 


his coworkers have recently studied experimental streptococcus allergy 
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in rabbits, with the view of explaining the etiology of rheumatic fever 
in man principally on an allergic basis, with streptococci as the antigen. 

The allergic theory, however, leaves much to be explained concern- 
ing the etiology of chronic arthritis. And it is a question whether all 
of the changes ascribed to allergy in this connection are due to this 
phenomenon or to other factors. 

The following series of experiments were performed to determine 
what direct effect bacterial decomposition and metabolic products may 
have on the synovia of experimental animals as compared with other 
proteins of nonbacterial origin. Daily injections of rather large quan- 
tities of filtrates were made in order to rule out as much as possible 
the allergic factor, so that the lesions obtained may be ascribed to a 
direct effect of the filtrates rather than to an allergic phenomenon. The 
continued flooding of the field by a large amount of antigen would 
serve to desensitize the tissues. 


PROTOCOLS OF EXPERIMENTS 


Filtrates of the following organisms were used: B. subtilis, Streptococcus 
viridans (a strain isolated from a case of subacute bacterial endocarditis) and a 
diphtheroid bacillus obtained from a routine bacteriologic examination of urine 
and not regarded as a pathogen. They were prepared as follows: one hundred 
cubic centimeters of beef infusion broth was inoculated and placed in the incubator 
at 37.5 C. (99.5 F.) for seven days. The cultures were then passed through 
3erkefeld candles (N) and the sterility of the filtrates was controlled before use. 


The diphtheroid bacillus passed through the candle repeatedly (filtrable form), 
and therefore this filtrate had to be sterilized in the autoclave. 


Experiment 1.—This experiment was made to determine whether or not rabbits 
are naturally sensitive to the filtrates used. 

Four rabbits received intracutaneous injections of 1 cc. of the filtrates, sterile 
broth being used as control. By the end of four days no positive cutaneous 
reactions had developed. 


Experiment 2.—This experiment was made to study the effects of unheated 
B. subtilis filtrate and autoclaved Streptococcus viridans filtrate on the synovia of 
rabbits’ knee joints after repeated intra-articular injections. 

One cubic centimeter of each of the filtrates mentioned was injected into the 
right and left knee joints, respectively, of rabbits. One animal was killed twenty- 
four hours after two daily injections; another after seven daily injections, and 
three after twenty-one injections made over a period of four weeks, no two 
injections being given less than twenty-four hours apart. 

The joints were slightly swollen after the second or third injection, but they 
did not seem to cause much discomfort to the animals. Grossly, the joints con- 
tained a slight mucopurulent exudate after two injections, a more viscous exudate 
after seven injections and a frankly mucopurulent exudate after twenty-one 
injections. After seven injections, the synovia was pale yellow and moderately 
edematous, but after a month of exposure to the filtrates it became markedly 
swollen, and its color changed to tan; at no time were there ulcerations. All 
exudates from the joints were cultured and remained sterile after three weeks’ 
incubation. Histologic study of the synovial membranes from the various rabbits 
revealed that after two injections there were a slight edema and diffuse leukocytic 
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infiltration with a large percentage of eosinophils. After seven injections the 
edema and leukocytic invasion were more pronounced. There was still a large 
percentage of eosinophils and in places small foci of lymphocytes were present 
in the superficial portions of the synovia. After twenty-one injections made during 
one month’s time, the changes were marked. The synovia was thickened, owing to 
edema of the deeper portion and a rather extensive fibrosis of the superficial 
portion, with dense diffuse and focal infiltration by lymphocytes, macrophages and 
some plasma cells. Some eosinophils were still present, but not in the numbers 
seen in earlier sections. The synovial villi were thickened, club-shaped and 
distended by infiltrating leukocytes and proliferation of fibrous tissue. 
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Fig. 1—Photomicrograph showing synovia from rabbit’s knee joint after two 
daily intra-articular injections of B. subtilis filtrate. There are slight edema and 


diffuse infiltration by leukocytes, mainly eosinophils; reduced from a magnification 
of X 120. 


There was no gross evidence of the destruction of cartilage in any of the 
joints examined, but in those into which injections were made over a period of 
a month the cartilage was duller than normal. 


Experiment 3.—Five rabbits were used in this series. Similar injections were 
made as in the previous experiment, unheated Streptococcus viridans filtrate being 
injected into the right knee and autoclaved. B. subtilis filtrate was used in the left 
knee. The rabbits were killed at similar intervals after the same number of 


injections as previously. The synovia showed changes identical to those just 
described. 
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Experiment 4.—A third series of three rabbits received intra-articular injections 
of autoclaved diphtheroid bacillus filtrate in the right knee. One rabbit was killed 
after two daily injections and two rabbits after twenty-one injections given during 


a period of one month. The gross and histologic observations were essentially 
the same as those found in experiment 2. 


Experiment 5.—An experiment was made to study the effects of intra-articular 
injections of viable cultures of the organisms the filtrates of which were used in 
previous experiments. 

Into both knees of three rabbits, 1 cc. of a centrifugated seven-day culture of 
the Streptococcus viridans, B. subtilis and diphtheroid bacilli used in the previous 














Fig. 2.—Photomicrograph of synovia or rabbit’s knee joint after seven daily 


intra-articular injections of B. subtilis filtrate. Moderate edema and moderate 
infiltration by leukocytes, mainly eosinophils are seen; reduced from a magnifica- 
tion of pi 120. 


experiments were injected respectively. No gross changes were noted in the knee 
joints. One month after injection the animals were killed. There was no exudate 
in the joints; cultures of the synovia were sterile. Histologic examination 
revealed normal synovial membranes. Since the organisms were not able to grow 
in these animals, sufficient metabolic and decomposition products were not present 
in the joints to produce synovial changes. 

Experiment 6.—This experiment was made to study the effects of egg white 
and human blood serum in the synovia of rabbits. Preliminary intracutaneous 
injections into two rabbits showed no natural sensitivity to these proteins. 
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Three rabbits were used in this experiment. Normal human blood serum and 
egg white, obtained under sterile conditions were diluted with physiologic solution 
of sodium chloride, in a proportion of 1:10, and intra-articular injections were 
carried out as in experiment 2. One cubic centimeter of human blood serum was 
injected into the right knee and a similar quantity of egg white into the left. 
One animal was killed twenty-four hours after the second daily injection. The 
synovia was practically unchanged. After twenty-one injections made during a 
period of one month, the other two animals were killed; cultures of the muco- 
purulent exudate from the joints were sterile. Sections of the edematous 


yellowish synovia revealed essentially the same picture of chronic synovitis as was 
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Fig. 3—Photomicrograph of synovia of the knee joint after twenty-one intra- 
articular injections of Streptococcus viridans filtrate. There is no ulceration of 
the synovia; the superficial portions are fibrotic and exhibit diffuse and focal infil- 
tration by leukocytes, mainly lymphocytes. A shows section through enlarged 
synovial villus; reduced from a magnification of * 120. 


obtained with the bacterial filtrates, except that the leukocytic infiltration was 
perhaps slightly more diffuse, and that there was a little less fibrosis in the 
superficial portion of the synovia. 

Experiment 7.—A control experiment was performed to study the effect of a 
nonprotein irritant on the synovia. 


One cubic centimeter of xylol (an active vesicant) was injected into the right 


knee joints of two rabbits. On the following and subsequent days the joints were 


swollen, warm and obviously tender. Because of the severe reaction no other 








1070 ARCHIVES OF SURGERY 


injectiogs were made. One month later the animals were killed. The capsules of 
the knee joints had perforated in several places, allowing the thick, purulent exu- 
date from the joints to infiltrate into the periarticular tissues. The synovia was 
soft, thickened, yellow and easily torn. The articular cartilages were dull, but 
grossly exhibited no areas of destruction. Sections of the synovia showed exten- 
sive edema and diffuse infiltration by all types of leukocytes, with foci of tissue 
necrosis and ulceration in the synovial lining. The histologic appearance was not 
that of a gradually developing sclerotic type of chronic inflammation as seen in 


sections from the synovia of those joints subjected to repeated injections of the 
bacterial filtrates. 


Injections of sterile broth mediums were not made as controls for this series of 
experiments, since in a previous report Brunschwig and Jung! showed that such 
injections made daily for a period of three weeks produced only slight changes in 
the synovia. These changes were characterized by slight edema, no fibrosis and 
very slight diffuse infiltration by leukocytes. 


COM MENT 


The experiments performed demonstrate that bacterial decomposition 
and metabolic products brought into direct contact with synovia are 
capable of inciting an acute inflammatory reaction which if kept up 
evolves into a chronic stage in a short time. There are at first only moder- 
ate edema and diffuse leukocytic invasion. This is followed by fibrosis 
and dense focal accumulation of leukocytes, primarily lymphocytes, in the 
synovia, with club-shaped enlargement of the villi. An interesting 
feature is the large number of eosinophils present as infiltrative cells 
in the more acute stages. In the later chronic stage the number of 
eosinophils is markedly reduced. There is no difference between the 
reaction produced by filtrates of Streptococcus viridans (a pathogen), 
by B. subtilis (a saprophyte) and by diphtheroid bacilli. The substances 
in the filtrates capable of inciting this reaction are heat-stable, since 
they withstand autoclaving for fifteen minutes at 120 C. (248 F.) and 
15 pounds (6.8 Kg.) of pressure. 

Almost identical inflammatory reactions are produced in the synovia 
by such foreign proteins as egg white and human blood serum, which 
of course are not bacterial in origin. 

The changes described are considered primarily the result of a direct 
action of the foreign proteins on the synovia rather than an allergic 
phenomenon. The histologic appearance of the synovia is not compar- 
able to that of Arthus’ phenomena produced in the subcutaneous tissues 
of rabbits with tuberculin. In the latter there are extensive edema, 
necrosis and interstitial fibrinous exudation with dense diffuse and focal 
polymorphonuclear infiltration. In the synovial membranes of the 
animals used in the experiments described there is at first a relatively 
mild reaction, which, under continued exposure to the injected sub- 
stances, becomes more pronounced, exhibiting the histologic picture of 
a long-standing chronic, sclerosing, nonspecific inflammation. 
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The eosinophil has long been identified with allergic reactions. 
It also has been regarded as the cell of defense against soluble toxic 
substances, in contrast to the polymorphonuclear neutrophil which is so 
readily mobilized in invasion by particulate matter such as bacteria. 
Therefore the presence of eosinophils in the earlier stages of the inflam- 
matory reaction produced in the experiments described may not be 
interpreted as evidence of allergy, but may be accounted for by the 
soluble nature of the noxious agents used. Eosinophils are not rarely 
seen in the synovia in proliferative arthritis in man. 

A further review of the extensive literature on the allergic inypothesis 
for the etiology of arthritis is beyond the scope of this paper. An excel- 
lent summary of the question has recently been made by Jordan,”* and 
the reader is referred to this publication for a more detailed discussion 
and bibliography. 

In conclusion, it may be stated that if changes in the articulations 
of animals resembling chronic arthritis in man have been produced by 
causing an allergic reaction to occur in these joints, it has also been 
possible to produce such lesions by direct action of foreign protein 
material of either a bacterial or a nonbacterial source. 


SUMMARY 


1. Filtrates of seven day cultures of Streptococcus viridans, B. 
subtilis, and a diphtheroid bacillus repeatedly injected at short intervals 
into the knee joints of rabbits induce first an acute inflammatory reaction 
characterized by edema and leukocytic infiltration (mainly eosinophils ) 
in the synovia and later by fibrosis and a dense focal and diffuse round 
cell invasion, with few eosinophils and a club-shaped enlargement of the 
synovial villi. 

2. Similar changes are produced by the injection of egg white and 
human blood serum. 

It is believed that the lesions produced are primarily the result of 
a direct action of the filtrates and other proteins on the synovia, and 
that they are not allergic phenomena. 


11. Jordan, E. P.: The Microbic Etiology of Rheumatic Fever and Arthritis, 
Arch, Path. 10:79 (July) 1930. 





SYMPATHETIC SYSTEM AND PAIN PHENOMENA 


R. CUNLIFFE SHAW, F.R.CS. 


PRESTON, ENGLAND 


Although the somatic nerves are still regarded as the mediators of 
afferent impulses, there has been an accumulation of evidence to show 
that the sympathetic system possesses a sensory function and is con- 
cerned in the production of certain types of intractable neuralgia. 

It is the objective of this paper to outline the conclusions of certain 
experimental and clinical observations, illustrating the afferent associa- 
tions of the sympathetic system, and to correlate these facts with the 
results of sympathectomy for severe neuralgic conditions. 


RESIDUAL SENSATION AFTER SOMATIC DENERVATION 

Surgical intervention has shown that in cases of intractable neuralgic 
crises in which there has been an extensive division of the posterior 
spinal roots the resultant anesthesia is often incomplete, and the pain 
has persisted. Foerster’s' results for the gastric crises of tabes 
dorsalis were 49 per cent cure and 51 per cent failure or partial relief 
only. In two of Thorburn’s cases, which I? examined in some detail, 
there was complete retention of deep sensation, although there had been 
a bilateral posterior rhizotomy of the fifth to the eighth roots in one 
instance and a unilateral posterior rhizotomy of the fifth to the ninth 
roots in the other. Both were clinical failures. Other surgeons have 
obtained comparable results. 


The presence of deep sensation after section of the somatic sensory 
roots suggested: (1) experimental irritation in a case of this type with 
a known sympathetic stimulant; (2) section of the nerve roots in 
animals to endeavor to elucidate the path of the residual sensation; 
(3) observations of cases in which anterior rhizotomy had been per- 
formed. 


These lines of investigation were carried out; the details are given 
elsewhere ; it will suffice here to state the results. 

1. A case in which posterior rhizotomy had failed to relieve gastric 
crises was selected. In the area of surface anesthesia the sweat secretory 
and pilomotor functions were demonstrated, and the sympathetic system 
was stimulated by the injection of epinephrine. A serious crisis 
resulted, which began immediately after the administration of the 
epinephrine, with the onset of pain within the area of surface anesthesia, 


1. Foerster, O.: Surg., Gynec. & Obst. 16:463, 1913; Proc. Roy. Soc. Med. 
(Sect. Surg.) 4:226, 1910-1911. 
2. Shaw, R. C.: Brit. J. Surg. 9:450 and 454, 1922: 11:648, 1924. 
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and it was found that there was a marked lowering of the threshold for 
pressure pain everywhere in this area. This suggested that the sym- 
pathetic, the retained deep sensation and the lowered deep sensory 
thresholds were interrelated. 

2. A series of rhizotomies was performed on animals, and it was 
found, on testing the deep tissues with a pinch-prick stimulus after 
extensive section of the posterior root, that a certain percentage of cases 
exhibited evidence of residual sensation. 

W. Lehmann * of Gottingen, working on the same subject, obtained 
corroborative evidence in dogs; division of the dorsal roots resulted in 
anesthesia of the abdominal wall; but there was no loss of sensation 
in the abdominal viscera or their vascular supply. On the other hand, 
after division of the corresponding ventral roots only, converse results 
were obtained. 

This work proved that the ventral roots were the mediators of the 
residual sensation. In my cases staining of the central ends of the 
severed anterior roots showed evidence of degeneration, thus eliminating 
the possibility of sensory fibers from the dorsal ganglions entering the 
spinal cord with the motor outflow. 

3. Investigation of a case of Thorburn’s, in which there had been 
division of the anterior and posterior roots for gastric crises, revealed 
total anesthesia of the body wall and freedom from pain seven years 
after operation. 

Several cases have been reported in which posterior rhizotomy has 
failed to relieve intractable neuralgia in amputation stumps, but division 
of the remaining ventral roots has completely abolished the pain 
syndrome. 

The remarkable contraction of the anesthetic area following section 
of the posterior root of the fifth nerve has long been recognized. 
Recently Helson and Frazier * have shown that after section of the 
sensory roots of the fifth nerve, along with other evidence of sensory 
restoration, the subject responds to an extremely hot stimulus, which 
appreciation is lost if, in addition to the division of the sensory root, 
a thoracic sympathectomy has been performed. 

This evidence shows that the residual sensation after division of the 
somatic innervation to an area of its body is dependent on fibers that 
traverse the ventral spinal roots, that the fibers are probably of sympa- 
thetic origin and pass through the anatomic sympathetic channels, and 
that this sensory residue is capable of excitation by chemical stimuli 
of known sympathetic proclivity. Lastly, after somatic denervation 


ordinary methods of sensory examination may elicit a response after a 
suitable period of recovery has elapsed. 


3. Lehmann, W.: Ztschr. f. d. ges. exper. Med. 12:331, 1921; Zentralbl. f. 
Chir. 49:435, 1922. 
4. Helson, H., and Frazier, C. H.: Brain 55:114, 1932. 
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DUAL TYPE OF SENSATION ELICITED BY IRRITATION OF THE 
CERVICOTHORACIC SYMPATHETIC GANGLION 


In order to demonstrate the effects of direct irritation of the sym- 
pathetic pathway, I carried out a cervicothoracic ganglionectomy by the 
supraclavicular route under procaine hydrochloride anesthesia of the 
superficial tissues. The patient was given an injection of morphine and 
scopolamine at a sufficient interval before the operation to dull his mental 
acuity during the initial exposure of the ganglion chain. By the time 
the cervicothoracic ganglion was exposed he was reasonably apprecia- 
tive of all sensation. I found that light pinching of the upper pole of 
the ganglion produced a sensation of touch which the patient referred 
to the region of the axilla, but crushing of the ganglion with artery 
forceps caused an excruciating pain of a burning and griping character, 
which was felt inwardly over the region of the heart. This pain did 
not follow instantly after the crushing, but began after a latent period 
of a few seconds, increased in intensity for an appreciable time and, 
after some minutes, gradually waned and died away. On removal 
of the ganglion by traction on the thoracic chain, a similar outburst 
of pain was excited, which lasted about twenty-four hours, but varied 
considerably in intensity during this period. 

Leriche > and others have observed the burning and boring char- 
acter of pain following manipulation of the sympathetic chain, and 
analogy with Helson and Frazier’s observations is at once suggested. 

I * have discussed elsewhere the presence of a small group of large 
medullated fibers (from 10 to 13 microns) in the cervical sympathetic 
chain, which are comparable to the large sensory fibers described by 
Langley * that terminate in capsular end-organs, and also to the large 
fibers mentioned by Gaskell * and by Edgeworth.® They are present in 
the cervicothoracic chain; a few fibers are distributed in the branches 
to the brachial roots and the vagus nerve, and others ascend the cervical 
chain to the superior ganglion. 

It is probable that the fibers originate from the cells of the posterior 
spinal ganglions. There is, therefore, in the anatomic sympathetic 
chain a sensory pathway which may subserve ordinary somatic sensa- 
tion, and this might explain the ready appreciation of light touch on 
the ganglion in the case I mentioned. On the other hand, the burning 
and boring type of pain that was elicited on crushing the ganglion 
suggests a different origin in view of the latent period of onset, the 


5. Leriche, R.: Ann. Surg. 74:385, 1921; 88:449, 1928. 
6. Shaw, R. C.: Lancet 1:640, 1924. 


7. Langley, J. N.: J. Physiol. 56:382, 1922; Tr. Roy. Soc. London, s.B, 183: 
118, 1892. 


8. Gaskell, W. H.: J. Physiol. 7:1, 1886. 
9. Edgeworth, F. H.: J. Physiol. 13:260, 1892. 
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eradual increase of intensity after the cessation of the stimulus and 
its slow subsidence. Its main characteristics may be compared to the 
pain produced by the tabetic crisis invoked by the injection of epineph- 
rine, and seems to be definitely associated with the sympathetic fibers. 

Pathologic irritation of the anatomic sympathetic pathway may there- 
fore stimulate both types of pain, resulting in a composite form of 
neuralgia. 


RELATION BETWEEN THE SYMPATHETIC SYSTEM AND SOMATIC 
SENSORY PERCEPTION 

I have cited a case in which it was observed that during an epineph- 
rine-produced crisis there was a marked lowering of the threshold for 
deep pressure in the area of pain, that is, within the area of somatic 
anesthesia, following posterior rhizotomy. This suggested that varia- 
tions in the threshold for pressure pain might be produced through 
the medium of the sympathetic system. 

In 1924, I*° showed that the stimulation of a mixed nerve, such 
as the median, with a faradic current produced variations in the 
threshold for pressure pain. It was found that: 1. Weak faradic 
stimulation of the median nerve caused a marked lowering of the 
threshold in both cutaneous and deep receptors; this was accompanied 
by vasodilatation. 2. Strong faradic stimulation raised the threshold 
in both cutaneous and deep receptors; this was accompanied by vaso- 
constriction. 3. The same changes occurred even if the circulation 
had been excluded for from five to eight minutes;. therefore, the 
vascular change cannot be held to explain the sensory variation. 

When these experiments were repeated recently, it was found that 
obstruction of the circulation caused a prolongation of the recovery 
period, suggesting that the assumption of a certain sensory phase is 
associated with the liberation of metabolites in the tissue spaces, which 
affect the sensory receptors. The next step was to estimate the threshold 
for pressure pain before and after periarterial sympathectomy and 
ganglionectomy. It was found, in a series of cases, that removal of 
the sympathetic supply produces a definite fall in the thresholds, and 


that after the periarterial operation the minimum sensory phase may 
persist for two or three weeks ; after ganglionectomy it may be extended 
for a few weeks longer. 


Claude Bernard *! observed this exaltation of sensation after sym- 
pathectomy, and recently Auguste Tournay ** described experiments 
on animals illustrating it. 


10. Shaw, R. C.: J. Physiol. 58:288, 1924. 

11. Bernard, Claude: Lecons sur la physiologie et la pathologie du systéme 
nerveux, Paris, J. B. Bailliére, 1858, vol. 1, p. 20. 

12. Tournay, A.: Compt. rend. Acad. d. sc. 173:939 (Nov. 14) 1921. 
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The relationship, therefore, between the sympathetic and the somatic 
sensory apparatus would appear to be that of a brake or control of 
the sensory thresholds, and its loss causes a temporary fall below 
the normal threshold value. 

It is conceivable that this function would be called into play in the 
fright-fight syndrome, the healing of wounds and sexual function. 
Further, this relationship emphasizes the remarkable dissociation between 


the sympathetic pain syndrome of certain neuralgias and somatic 
sensation. 


SURGICAL EVIDENCE OF THE SYMPATHETIC PAIN PATH 


Surgical procedures have been carried out for a variety of conditions 
of pain, both visceral and peripheral, and many successful cases have 
been reported. In reasoning from such material that a specific pain 
pathway has been severed by the operation, one is open to fallacy if 


one considers the relief of the symptoms from another standpoint. 
It is obvious that if an area of tissue, for example a finger, is under- 
going necrotic change the chemical products of disintegration might 
irritate the sensory endings, and the arrest of the degenerative process 
by vasodilatation might give an equivalent relief from neural irritation 
progressive in character and tending to final cure. 

In order that it may be reasonably inferred that the operation of 
sympathectomy definitely removes or interferes with the mechanism of 
the pain apparatus, cases should fulfil the following conditions: 
1. There should be severe preoperative pain and immediate postopera- 
tive relief. 2. There should be an absence of a gross pathologic lesion, 
the healing of which might account for the subsidence of pain, or, 
conversely, if such a lesion exists, the pain should cease long before 
it heals. 3. There should be an absence of pain in cases exhibiting a 
minimum degree of postoperative thermal response, showing that the 
relief from pain is not entirely due to the secondary benefits of increased 
metabolic activity. 

The following cases have fulfilled these requirements, and may be 
considered in two groups, according to whether the paraspinal ganglion 
or the periarterial plexus was removed. 


REPORT OF CASES 


Case 1.—History—A. G. F., a man, aged 42, a fitter, had had severe pain 
in the left thigh in 1928; the pain steadily became worse, and flexion deformity 
of the left hip joint developed. In 1929, he was admitted to the infirmary and 
treated with massage and electricity; the pain remained severe; wasting of the 
muscles began, and he rapidly became emaciated. 

The patient was readmitted to the infirmary on May 5, 1931, complaining of 
severe pain over the left thigh, radiating to the foot; the pain was of a burning 
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and bering character, and was accompanied by profuse sweating and marked vaso- 
constriction. He was extremely emaciated; there was advanced osteo-arthritis of 
the left hip joint; the thigh was held in a position of 60 degrees of flexion. There 
were marked tenderness and pressure over the left foot. There was no tenderness 
of the sciatic nerve. 


Operation and Course—On August 1, left lumbar ganglionectomy was per- 
formed, with the removal of the second, third and fourth lumbar ganglions. 

The pain ceased immediately after the operation, except for local pain on 
movement of the hip joint; the leg became warm and dry, having a rise in surface 
temperature of 6 C. (42.8 F.); further treatment of the hip joint was refused, 
and the patient was discharged. 

Reexamination on Feb. 1, 1933, showed the patient still entirely free from crises 
of pain, and he had gained weight; his osteo-arthritic condition had progressed ; 
the leg was still warm and dry. 

Case 2.—History—P. McC., aged 54, an ex-soldier, several weeks prior to 
admission, had severe crises of pain in the index finger of the left hand; the pain 
radiated up the arm; it was continuous day and night, and he lost sleep; dis- 
coloration and terminal necrosis of the distal phalanx began. He was admitted 
to the hospital on June 16, 1931, with a bluish discoloration of the whole index 
finger of the left hand, with necrosis of the superficial layers of the terminal 
phalanx; the pain was of a severe, burning, aching character, with critical 
exacerbation and radiation up the arm. 

Operation and Course-——On June 16, excision of the left cervicothoracic and 
middle cervical ganglions was performed under procaine hydrochloride anesthesia. 

After twenty-four hours all pain ceased in the left arm and hand; the bluish 
discoloration rapidly subsided, and the necrotic area of the left index finger 
was slowly desquamated. The surface temperature showed an average rise of 
only 1 F. on the left hand. 

On Oct. 15, 1932, reexamination showed that the left hand had remained 
entirely free from pain, and there was no evidence of any further necrosis of the 
fingers. A new nail had grown on the left index finger. The surface temperature 
of the left midpalm was 0.5 F. higher than that of the right, and the surface 
temperature of the left index finger was 1 F. higher than that of the right. On 
exposure to cold, both hands showed a bluish discoloration. 


Case 3.—History—W. L. H., a man, aged 29, an iron worker, had a condition 
which began three years prior to admission with a perforating ulcer on the plantar 
aspect of the right great toe, which was said to have followed irritation with a 
nail in a boot. 

On admission, the whole surface of the great toe and the dorsum of the foot 
showed a bluish-red discoloration. On the plantar aspect of the great toe was a 
soft, punched-out ulcer 1 inch (2.5 cm.) in diameter; the edge was ragged; the 
base was indurated, and the floor showed a sloughing area. The patient com- 
plained of a severe burning and aching pain over the dorsum of the foot from 
the great toe to the ankle joint and radiating to the knee; the pain was continuous, 
but showed critical exacerbation. 

Examination of the nervous system revealed nothing abnormal. The general 
condition was excellent. 


Operation and Course-—On Sept. 12, 1932, a proprietary procaine preparation 
was injected, and the surface temperature showed a rise of approximately 8 F.; 
a right lumbar ganglionectomy was performed, the second, third and fourth 
ganglions being removed. 
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The pain ceased immediately after operation. The bluish-red discoloration 
had disappeared by the third day, and the ulcer rapidly contracted in the area 
and dried up, showing a keratinized surface. An estimation of the surface 
temperature after operation gave an average rise of 2 F. on the right foot 
compared with the left. 

Reexamination six weeks after operation showed no recurrence of pain. The 
surface temperature of the right foot still showed a rise of 2 F. above the left 
toot. 


Three cases have been described in which there was severe pain up 
to the time of operation, and after extirpation of the sympathetic fibers 
the relief was practically immediate. 

In the first case, there was no gross pathologic lesion of the surface 
of the limb which might account for the pain, and the condition must 
have been due to a pure irritation of the sympathetic pathway, which 
ceased on its removal. The pain could have borne no relationship to 
the chronic and slowly progressive osteo-arthritis of the hip joint. 

In the other cases a distal surface lesion existed, but the pain 
ceased directly after operation and, therefore, long prior to the final 
desquamation and healing of the necrotic foci. 

Finally, the thermal response in all of the cases was of a minor 
degree, yet, despite the small difference in temperature, the pain syn- 
drome was promptly abolished, discounting the view that the relief from 
pain is due to improved metabolism. 


It is from the minor periarterial operation that one obtains secondary 
evidence that the continuity of the sympathetic neural apparatus is 
intimately concerned in the maintenance of many neuralgic conditions. 
The following three cases showed immediate relief from severe pain 
crises after stripping of the perifemoral adventitial sheath and the 
injection of absolute alcohol into the severed extremities of the plexus. 


Case 4.—History.—On Sept. 9, 1930, a man, aged 56, a fireman, complained of 
a small ulcer over the plantar surface of the hallus of the right foot. It became 
extremely painful and gradually extended, being surrounded by an edematous, 
tender, dusky red area. Finally, the great toe became completely black. A fort- 
night prior to admission the same process began in the second and third toes 
of the same foot. 

On admission to the hospital on December 20, examination showed that the 
patient was suffering from a severe pain in the medial three toes of the right foot. 
There was a deep sloughing ulcer over the plantar surface of the great toe, 
and the second and third toes showed definite gangrene. The remaining toes were 
deeply cyanotic, and there were redness and slight edema on the dorsum of the 
toot. 


Operation and Course——Right perifemoral sympathectomy was performed on 
December 20. 

The ulcer on the great toe slowly dried up after the removal of a small scab; 
the toe became completely healed. The gangrenous second and third toes 
speedily showed a line of demarcation, and were later disarticulated. The pain 
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disappeared within the first twenty-four hours, and the cyanosis subsided within 
a week. The average postoperative rise in surface temperature was 1 F. 

On July 7, 1931, examination showed that the foot was soundly healed and free 
from any painful sensations. 

On reexamination on Oct. 15, 1932, it was found that pain had been returning 
in the foot during the past three weeks. There was no further necrosis. The 
surface temperature increased from 0.5 to 1 F. 

Case 5.—History—A man, aged 47, a night watchman, had complained of a 
sore spot on the plantar surface of the fourth toe for two weeks prior to admission. 
The three lateral toes had been extremely painful. The pain, which was of a 
burning, boring character, had started two months previously. 

On admission to the hospital, the entire right foot was extremely painful and of 
a dusky red hue. There was a black discoloration of the two lateral toes, and 
slight discoloration of the third toe, which was extremely tender to pressure. 
There was a slight edema over the dorsum of the foot. 

Operation and Course.—Right perifemoral sympathectomy was performed on 
May 5, 1931. 

The pain subsided immediately after operation; the discoloration of the toes 
disappeared within a fortnight, with the exception of a small area of the 
extremity of the fourth toe, which became mummified and separated from the 
norma! tissues. The surface temperature rose from 0.5 to 1 F. 

This patient remained free from pain for six months, when he died suddenly. 

Case 6.—History—A woman, aged 66, a housewife, stated that her right foot 
had been injured by a nail five months prior to admission; a severe burning and 
boring pain had begun in the foot, and had become much worse during the last 
month. An area of necrosis appeared at the base of the small toe, and- another 
area on the ball of the great toe. 

On admission to the hospital on June 13, the pain was extremely severe. 

Operation and Course——Perifemoral sympathectomy was performed on June 6. 

The pain ceased immediately after operation, and the patient was free from 
pain on reexamination twelve months later. The necrotic area dried up and was 
exfoliated a few months after operation. The rise in surface temperature after 
sympathectomy was never more than 1 F. 


In the foregoing cases the thermal reactions were almost negligible, 
but the readings of the pressure pain showed a definite lowering of the 
distal threshold levels, proving that the proximal operation had affected 
the extremities of the limb, despite a minimum vascular relaxation. 

These results may be compared with those reported by Rogers,!* of 
Soonchun, in seven cases of thrombo-angiitis obliterans in which the 
patients were treated by the injection of alcohol into the perifemoral 
sheath. He found that all of the patients experienced prompt relief 
from pain, and the most striking evidence contributory to the present 


thesis is afforded by one of the cases in which pain and cyanosis of 
two fingers developed, in addition to a lesion of the foot. In this 
instance the injection of alcohol into the brachial artery, though it was 
fibrosed, nonpulsatile and cordlike, resulted in the immediate relief of 
pain in the hand. 


13. Rogers, J. M.: China M. J. 45: 
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The condition of thermalgia provides similar evidence that both the 
local operative procedure directed at the lesion of a mixed nerve and 
periarterial sympathectomy have yielded relief from pain. For example, 
the Russian surgeons, according to Roubacheff,’* in a series of twenty- 
nine cases obtained sixteen cures and in twelve instances the patients 
were definitely relieved by periarterial sympathectomy. Similarly, 
patients with radiodermatitis have been treated by periarterial sympa- 
thectomy, and a reasonable percentage have been relieved from pain. 

On account of the anatomic distribution of nerves to the blood 
vessels, periarterial sympathectomy cannot affect the principal vasomotor 
supply of a limb nor interfere with the somatic innervation, yet there 
is evidence from clinical results, thermal reactions and changes in 
pressure pain that it does produce distal effects in the limb. The 
explanation seems to lie in the conception of the sympathetic nervous 
system as a closed neural circuit through the median of the continuous 
plexus on the vascular tree distributed intimately to all the peripheral 
tissues. Disruption of this plexus would result in a molecular dis- 
turbance radiating through the entire sympathetic plexus, thereby 
inhibiting the radiation of pain stimuli. 


CONCLUSIONS 


1. The sympathetic fibers may conduct afferent stimuli-subserving 
common sensation after the extirpation of the somatic innervation; 
this function appears to develop gradually after removal of the spinal 
nerve supply. 

2. Sympathetic fibers convey impulses of pain in certain types of 
intractable neuralgia which are distinct from the conditions of pain 
conveyed by the spinal system. 

3. The sympathetic system acts as a control on the somatic sensory 
thresholds, and the removal of this influence is followed by a temporary 
increase of common sensitivity. 

4. The anatomic sympathetic pathway in the cervicothoracic region 
contains spinal sensory fibers, the irritation of which might result in a 
composite type of neuralgic pain. 

5. Surgical ablation of the paraspinal ganglions will definitely cure 
the sympathetic type of intractable neuralgia through removal of the 
mechanism of pain. Periarterial sympathectomy will certainly relieve 
pain in similar conditions, and it is suggested that the operation produces 
its results by the induction of an inhibitory phase through the radiation 
of molecular shock throughout the sympathetic neural circuit. 


14. Roubacheff, S.: Rev. de chir. 65:341, 1927. 





ABSORPTION IN INTESTINAL OBSTRUCTION 


R. RUSSELL BEST, M.D. 


LYLE A. NEWTON, M.D. 
AND 
ROY MEIDINGER, M.D. 


OMAHA 


An attempt to ascertain the cause of death in intestinal obstruction 
immediately gives rise to these fundamental questions: First (the long 
debated question), are there formation and absorption of a toxin in 
the loop of the bowel above the obstruction? Second, is there an 
altered absorption rate, either an increased absorption of substances 
normally present in the intestinal tract or a decreased absorption below 
the obstruction because substances secreted in the upper segment fail 
to reach the lower absorption area? The latter phenomenon may be 
the fundamental principle of a normal physiochemical balance. 

It is now the opinion of most writers and authorities on the subject 
that intestinal obstruction may be classified either as simple obstruction 
or as obstruction with gangrene, or interference with the blood supply. 
We know there is a gross difference between the two conditions. That 


there is a toxic element in the second group is indisputable; at present 
the evidence indicates that a definite toxin is not the exciting cause of 
death in simple obstructions. 


In early experiments on this subject, great emphasis was placed on 
the presence of a newly formed and exceedingly toxic substance in the 
fluid contents above the obstruction and the fact that absorption was 
augmented by increased pressure and by changes in the mucous mem- 
brane. According to Cooper,t Amussat, in 1838, was the first to sug- 
gest the existence of toxic absorption. The same theory was widely 
sponsored by Bouchard in 1885. Since then a great many investigators 
have attempted to prove that death is caused by a toxin absorbed above 
the obstructed level, in combination with a disturbance of the acid-base 
equilibrium. Albeck,? Kukula,? McClure, Stone, Bernheim and Whip- 


From the Departments of Surgery and Anatomy of the University of Nebraska. 

1. Cooper, H. S. F.: The Cause of Death in High Obstruction, Arch. Surg. 
17:918 (Dec.) 1928. 

2. Albeck, V.: Experimentelle und klinische Untersuchungen iiber die 
Todesursache bei Diinndarmstrangulation, Arch. f. klin. Chir. 45:569, 1902. 


3. Kukula, O.: Untersuchungen iiber Autointoxication bei Darmocclusionen, 
Arch. f. klin. Chir. 63:773, 1901. 





1082 ARCHIVES OF SURGERY 


ple,* Clairmont and Ranzi,® and Roger and Garnier ° believed that they 
were able to show that a strong toxic factor is at work. 

Although Kukula, in 1901, and Magnus-Elsleben,* in 1906, had con- 
cluded from their experiments that the contents of the bowel both of 
normal dogs and of those with obstructed intestines were toxic, it was 
not until Wangensteen,® in 1928, substantiated the work of Roger and 
Garnier and offered further evidence of the toxicity of the contents 
of the normal intestine that the matter was given serious attention, and 
it was thought that perhaps the absorption of a specific newly-formed 
toxin was not the etiologic factor. Wangensteen, after careful experi- 
ments, not only established the fact that there was equal toxicity of the 
contents of normal and of obstructed intestines, but stated that appar- 
ently the contents below the obstruction were even more toxic than those 
above it. The questions of the rate of absorption or the selectivity 
from above or below the obstruction were not considered in these experi- 
ments, and these omissions encouraged us to proceed with a group of 
experiments on which we had been working for more than a year. 

It seems logical that if no specific toxin is present in obstructed 
loops free from gangrene, the lethal factor must be, as stated in the 
first paragraph, either increased absorption of substances normally 
present in the intestine or the failure of a neutralization process or 
buffer reaction which would ordinarily occur when the contents of the 
upper and lower intestines mingle. It is also possible that this failure 
may affect the function of the secretion of the intestinal mucosa and 
in some remote manner play a role in the cause of death. 

In 1904, Clairmont and Ranzi presented the first experiments on 
decreased absorption above obstruction in the intestine, but their results 
were not conclusive. They injected a 2 per cent solution of calcium 
iodide into the intestinal lumens of both normal animals and those with 
obstructed intestines. The urine was then tested at frequent intervals 
to ascertain the presence of iodine. After numerous experiments, they 
concluded that the rate of absorption above the obstruction was greater 


4. Stone, H. B.; Bernheim, B. M., and Whipple, G. K.: Intestinal Obstruction: 
A Study of the Toxic Factors, Bull. Johns Hopkins Hosp. 23:159, 1912. Stone, 
H. B., and Firor, W. M.: Absorption in Intestinal Obstruction: Intraintestinal 
Pressure as a Factor, Tr. South. Surg. & Gynec. A. 37:173, 1924. 

5. Clairmont, P., and Ranzi, E.: Zur Frage der Autointoxication bei Ileus, 
Arch. f. klin. Chir. 73:696, 1904. 

6. Roger, H., and Garnier, M.: Compt. rend. Soc. de biol. 59:388, 673 and 
677, 1905. 

7. Magnus-Elsleben, Ernst: Ueber die Giftigkeit des normalen Darminhalts, 
Beitr. z. chem. Physiol. u. Path. 6:503, 1906. 

8. Wangensteen, O. H., and Chunn, S. S.: Studies in Intestinal Obstruction, 
Arch. Surg. 16:606 (Feb.) 1928. Wangensteen, O. H., and Loucks, M.: Studies in 
Intestinal Obstruction, Arch. Surg. 16:1088 (May) 1928. 





BEST ET AL—INTESTINAL OBSTRUCTION 1083 


than normal during the first few hours, but that, after reaching a peak 
at about the mid-point of the survival period, it rapidly fell below 
normal. 

In 1908, Braun and Boruttau ® injected from 1.2 to 3 mg. of strych- 
nine into the intestinal lumens of normal animals and those with 
obstructed intestines. In the normal animals, cramps began within five 
and one-half minutes and death occurred after seventeen and one-half 
minutes. In animals with obstructed intestines, the cramps began within 
ten to fifteen minutes, and death occurred within seventeen and one- 
half to thirty-five minutes. They concluded that absorption was some- 
what lessened in the obstructed intestine. 

In a study of the absorption of 5 per cent solutions of sodium chlo- 
ride and dextrose in 1911, Enderlen and Hotz’ were of the opinion 
that absorption was much decreased in closed loops. 

Davis '* used phenolsulphonphthalein in 1914, directing the dye 
into the loops of the intestine and recovering it in the urine at inter- 
vals. He concluded that absorption was unusually low in closed loops. 

These experiments are rather fundamental, but they are not con- 
clusive, as absorption below the obstruction was not considered, and 
no experiments were done with substances not normally absorbed from 
the intestinal tract. 

Since considerable evidence has been presented to disprove the 
presence of a specific toxin in the obstructed intestine, if absorption 
above the obstruction can be shown to be decreased, or at least not 
increased, there is some evidence that the cause of death is the failure 
of a neutralization process or buffer reaction to take place as it would 
normally when the different levels of intestinal contents mingle. 

The work of White and Fender,’* in 1930, indicated conclusively 
that no toxin was produced in the intestine above the obstruction, and 
by restoring material which was lost in the vomitus through an 
ileostomy below the point of obstruction, they were able to keep ani- 
mals alive for twenty-eight days. 

Meyers and Rosenblatt,!* in 1929, gave human bile to dogs with 
obstructed intestines through an enterostomy below the obstruction, but 


9. Braun, W., and Boruttau, H.: Experimental-kritische Untersuchungen iiber 
den Ileustod, Deutsche Ztschr. f. Chir. 96:544, 1908. 

10. Enderlen and Hotz: Ueber die Resorption bei Ileus und Peritonitis, Mitt. 
a. d. Grenzgeb. d. Med. u. Chir. 23:755, 1911. 

11. Davis, D. M.: Intestinal Obstruction: Formation and Absorption of 
Toxin, Bull. Johns Hopkins Hosp. 25:33, 1914. 

12. White, J. C., and Fender, F. A.: The Cause of Death in Uncomplicated 
High Intestinal Obstruction, Arch. Surg. 20:897 (June) 1930. 

13. Meyers, M. P., and Rosenblatt, M. S.: Bile in Intestinal Obstruction, 
Surg., Gynec. & Obst. 49:473, 1929. 
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none of their animals lived long enough to prove that bile was of any 
particular value. In 1932, Benedict, Stewart and Cutner * attempted 
to evaluate the rdle of bile in high intestinal obstruction. They either 
injected dog’s bile or, by ligating the common bile duct and performing 
a cholecystenterostomy below the obstruction, permitted the dog to sup- 
ply its own bile. Some of their animals lived as long as fifty-six days, 
and they concluded that benefit was derived from the administration of 
bile below the obstruction, particularly in high obstructions. The con- 
flicting results of these two groups of authors leave one somewhat in 
doubt as to the importance of bile in intestinal obstruction. However, 
it would seem that bile alone would not play as important a role as the 
combination of biliary, pancreatic and duodenal secretions. Jenkins,*® 
in 1929, attempted to ascertain the role of these combined secretions by 
a complicated operative procedure which permitted the secretions to 
enter the bowel below the point of obstruction. His animals lived from 
twelve to thirty-three days. 

These experiments suggest that the intermixture of upper and lower 
intestinal contents is necessary, at least in part, for a normal physio- 
chemical balance. However, they neither support nor deny the factor 


of an interference with the rate of absorption above or below an 
obstruction. 


ee 
In view of the fact that certain authors, after reliable experiments, 
still cling to the theory of increased absorption either of a specific toxin 


or of normal intestinal contents above the point of obstruction, the 
following experiments were carried out in the hope that definite conclu- 


sions could be drawn as to the rate and selectivity of absorption above 
and below an obstruction. 


ORIGINAL EXPERIMENTS 


Group 1.—In this group, trypan blue and red, both typical colloids not normally 
absorbed, were injected into the intestinal lumens of normal rats and into the 
intestines of rats with obstructions of the duodenum and of the ileum. 

In the shorter series of this group, the dye was instilled either by inserting a 
catheter into the stomach and intestine or by injecting the solution directly into 
the area above the obstruction with a fine needle. Soon after this was done, 
the bladders were opened and the urine was examined for the presence of the dye. 
In no instance was the dye recovered from the bladder. 

In the longer series, both normal rats and rats with obstructed intestines were 
given trypan blue for several days, by means of inserting a catheter into the 
stomach. Frequent observations were made for the discoloration of the skin, and 
at the end of from twenty-four to forty-eight hours the bladders were opened and 
the urine was examined. There was no evidence of the dye, an indication that 


14. Benedict, E. B.; Stewart, C. P., and Cutner, P. M.: The Role of Bile in 
High Intestinal Obstruction, Surg., Gynec. & Obst. 54:605 (April) 1932. 


15. Jenkins, H. P.: Experimental Ileus, Arch. Surg. 19:1072 (Dec.) 1929. 
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new avenues for the absorption of these colloids had not been opened in the 
obstructed intestine. 

In a third series, trypan blue and red were injected below the level of obstruc- 
tion in both the duodenum and the ileum. There was no evidence of absorption 
below the obstruction. 

Group 2.—Methylene blue (methylthionine chloride), a typical crystalloid dye 
known to have been recovered from the urine after its absorption from the intes- 
tines, was used in this group. The first few experiments we carried out on rats 
to reassure ourselves of the dye’s absorption, and then the experiment was carried 
out on dogs. 

Methylene blue was instilled into the duodenums of four dogs of a control 
group. In the male dogs, the bladders ‘were opened; in the females, a catheter 
was inserted into the urethra. Urine was collected every five minutes and 
examined for blue discoloration. The time of its appearance varied between thirty 
and sixty minutes. The same concentration and amount of dye were used in all 
animals, but a slight difference in the size of the animals and small variations in 
time must be taken into consideration. 

The intestines of two dogs of about equal size were then obstructed at the 
duodenum, and those of two others were obstructed near the terminal ileum. On 
the second or third postoperative day, the abdomens were opened and methylene 
blue was injected into the lumens above the obstruction. The bladders were opened 
and observation was made as to the time of the appearance of discoloration in 
the urine. The time varied between forty-five to sixty-five minutes. 

The intestines of two dogs were then obstructed at the duodenum, and in two 
or three days methylene blue was injected below the obstru-tion. The dye appeared 
in the urine in from fifty to seventy minutes. 


COMMENT 


An analysis of the protocols of the second group of experiments 
showed that there was only a slight variation in time, which could be 
accounted for by the difference in the size of the animals and par- 
ticularly by the variations in the amount of retained secretions above 
the obstruction. Naturally these animals could not be prevented from 
vomiting, and there could be no control of the biliary, pancreatic and 
duodenal secretions. An animal with a smaller amount of intestinal 
contents above the obstruction would have a greater concentration of 
the dye, and absorption would probably be more rapid than in an ani- 
mal with greater retention. In no case was the absorption more rapid 
above the obstruction than it was in the normal dog. When the dye 
was injected into the lumen below the level of the duodenal or ileal 
obstructions, the time of its appearance in the urine varied between 
fifty and seventy minutes, showing that there was no increase and only 
a slight decrease in absorption below the level of obstruction. 


We were unable to demonstrate any increase in the rate or selectivity 
of absorption above or below the level of obstruction. If one 
accepts the work of Wangensteen and his predecessors, who believe 


that normal intestinal contents are as toxic as those above and 
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below an obstruction, it may be assumed that there is no specific toxin 
which develops after the onset of obstruction. Our experiments sug- 


gest that there is no increase in the rate or selectivity of absorption 
above the obstruction, and this seems strong evidence that increased 
absorption above the obstruction cannot be the cause of death. Our 
experiments also tend to rule out the probability of increased absorption 
below the obstruction. 

With these negative facts in mind, we believe that it is within the 
realm of probability that death following intestinal obstruction is due 
to a failure of neutralization or buffer reaction to take place between 
upper and lower intestinal contents in the lower part of the intestine. 
This need not be interpreted in terms of the development of a definite 
toxin, but rather of a physiochemical reaction that usually takes place 
when the contents of the upper and lower parts of the intestines are per- 
mitted to intermix. With this phenomenon there occurs absorption or 
failure of absorption of a substance, x, which causes a disturbance not in 
accord with normal cellular function and incompatible with life. Clinic- 
ally, our best evidence of this is the fact that an obstruction of the distal 
colon is compatible with life for some time. This may be explained by 
the fact that the intermixture of upper and lower intestinal contents 
has already occurred above the obstruction and absorption has taken 
place. If the obstruction occurs above the distal colon, in the more 
active secreting levels and the absorption area, death occurs earlier 
than in the case of a lower obstruction. Thus, in a subject with an 
ileostomy, partial admixture and absorption have already taken place; 
but with complete duodenostomy or jejunostomy, this admixture and 
absorption have not taken place and death occurs much earlier in the lat- 
ter than in the former condition. 





PRIMARY MALIGNANT DISEASE OF THE DUODENUM 


SHERMAN A. EGER, M.D. 


CLEVELAND 


Since the first case reported by Hamberger? in 1746, the rarity of 
primary duodenal malignancy has been so stressed that rarely do text- 
books mention it, clinicians consider it or surgeons encounter it with a 
thorough knowledge of the best methods to adopt when this condition 
unexpectedly presents itself at laparotomy. Therefore, the purposes of 
this. paper are to present a rather thorough summary of the literature 
on the subject, to emphasize the consideration of a primary malignant 
disease of the duodenum in the differential diagnosis of lesions of the 
upper part of the abdomen, to outline the various methods of treating 
patients with this disease and to add 2 cases to the few that have been 
reported. 

INCIDENCE 

In order that the rarity of primary carcinoma of the duodenum be 
better appreciated, it might be well to consider first the incidence of 
intestinal and small intestinal carcinoma as shown in table 1, and then 
to determine the frequency of small intestinal carcinoma among cases 
of general intestinal carcinoma by referring to table 2. 

Table 3 shows the incidence of primary carcinoma of the duodenum 
in 350,286 autopsies to be 0.033 per cent. This is the figure most gen- 
erally accepted in the literature. Difficulty arises in obtaining accurate 
statistics because of repetition of the same cases by different authors. 
I have attempted to avoid this by searching the various original sources 
so far as possible. It is interesting to note that in a series of 17,652 
autopsies at Guy’s Hospital, as reported by Perry and Shaw,’ there 
were 6 cases of primary sarcoma of the duodenum, making its incidence 
the same as that of carcinoma, namely, 0.033 per cent, which is higher 
than is generally supposed. 

Table 4 illustrates the frequency with which primary carcinoma of 
the duodenum occurs in comparison with that of the jejunum and 
ileum combined, and that the duodenum is affected in approximately 


45 per cent of the cases of primary carcinoma of the small intestine. 


From the Cleveland Clinic. 


1. Hamberger, G. E.: De ruptura intestini duodeni, Jena, lit. Ritterianis, 1746. 
2. Perry, E. C., and Shaw, L. C.: On Diseases of the Duodenum, Guy’s Hosp. 
Rep. 50:171, 1893. 





TaBLe 1.—Frequency of Intestinal and Small Intestinal Carcinoma Among 


General Autopsies 


Intestinal Small Intestinal 
Carcinoma Carcinoma 
ee Tl a —_—_—__~ 
Author Autopsies Number PerCent Number Per Cent 
Brill;* Aaron,? Pathological Institute, 
Vienna . 343 8 7 0.040 
Meyer and Rosenberg,® Cook County and 
Michael Reese Hospitals, Chiecago.... 87 5. 0.091 


Total... 52,7 . y 0.051 


TABLE 2.—Frequency of Small Intestinal Carcinoma Among General Intestinal 


Carcinoma 


Small Intestinal Carcinoma 
Intestinal co A a, 
Author Carcinoma Number Per Cent 
Jefferson 14 130 3.1 


Brill * 3,563 89 2.5 


«0 





Meyer and Rosenberg ® 56 10 1.7 
Aaron? 34 17 4. 


246 2.7 


TasLe 3.—Frequency of Primary Duodenal Carcinoma in General Autopsies 





Duodenal Carcinoma 


Author Autopsies Number Per Cent 

Deaver and Ravdin;5 McGuire and Cornish ?! 151,201 50 0.033 
Jefferson 14 109,201 43 0.039 
Brill;* Aaron;? pathological Institute, Vienna 41,838 7 0.016 
Fenwick and Fenwick (Cancer and Other Tumours of the 

Stomach, London, J. & A. Churchill, 1902; quoted by 

Vickers: Ann. Surg. 79 239, 1924); London Hospital..... 19,518 
Perry and Shaw;? Guy’s Hospital, London 17,652 
Meyer and Rosenberg:® Cook County and Michael Reese Hos- 

pitals, Chicago ; 10,876 


Total 350,286 


TasLe 4.—Frequency of Primary Duodenal Carcinoma Compared with Primary 


Jejuno-Ileal Carcinoma 


Small Duodenal Jejuno-Tleal 
Intestinal ————_+~___"—~{\ -—— ~ 
Author Carcinoma Number PerCent Number Per Cent 


Deaver and Ravdin > 132 is 7.7 69 52.2 


—_A- — 


Mayo Clinic ¢ 39 : 38.4 24 61.5 
Brill ® 30 : 50.0 15 50.0 
Aaron? 17 41.1 10 58.8 
Meyer and Rosenberg ® ; 40.0 6 60.0 


Total + 293 45.6 124 54.3 
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This shows that the duodenum is the site of a malignant process 
almost as frequently as the other two divisions of the small intestine 
combined. According to some reports the ileum is involved almost as 
frequently as is the duodenum. Opinions regarding primary carcinoma 
of the jejunum vary, from that it is practically nonexistent (Brill,* 
1904) to that it is of equal frequency with carcinoma of the duodenum 
(Mayo Clinic,* 1925). 

Table 5 shows that of the anatomic divisions of the duodenum, the 
second portion undergoes malignant degeneration far more frequently 
than the other parts. According to Deaver and Ravdin,* Brill * and 
others, this probably is due to the presence of the ampulla of Vater 
and the occasional separate openings of the pancreatic ducts. How- 


TABLE 5.—Distribution of Primary Duodenal Carcinoma 


: First Second Third Entire 

Num- Portion Portion Portion Duodenum 

be -———, 9 SE 

of Num- Per Num- Per Num- Per Num- Per 

Author Cases ber Cent ber Cent ber Cent ber Cent 

Deaver and Ravdin > 58 35 22.1 104 65.8 19 12.0 0 0.0 
Fenwick and Fenwick (Cancer and 
Other Tumours of the Stomach, Lon- 

don, J. & A. Churchill, 1902)......... f x 56.8 

Rolleston 22 3 67.5 

Mayo Clinic ¢ : j } 40.0 

Perry and Shaw ? : 5 46.1 

Dewis and Morse ® : g 41.6 

Whittier ® 2 8.3 ¢ 75.0 

0.0 K 75.0 


0.0 
7.6 


8.3 
0.0 


23.9 189 61.9 1.9 


“le eS we OO 


() 





ever, the presence of these structures must be differentiated from the 
presence of a malignant process in these structures, because the latter 
must be classified as tumors of the pancreatic and biliary systems and 
not as true primary tumors of the duodenum. Laxity and difficulty in 
making this distinction undoubtedly have accounted in part for the high 
percentage of primary carcinomas reported in this portion of the 
duodenum. The first portion of the duodenum ranks second in order 
of frequency, owing, perhaps, to the frequent presence of ulcer in this 


region. Whether or not carcinoma may arise from a duodenal ulcer 


is, of course, a much debated question, and will be discussed under 


3. Brill, N. E.: Primary Carcinoma of the Duodenum, Am. J. M. Sc. 128: 
824, 1904. 

4. Eusterman, G. B.; Berkman, D. M., and Swan, T. S.: Primary Carcinoma 
of the Duodenum: Report of Fifteen Certified Cases, Collected Papers of the 
Mayo Clinic, Philadelphia, W. B. Saunders Company, 1925, vol. 17, p. 75; Ann. 
Surg. 82:153, 1925. 

5. Deaver, J. B., and Ravdin, I. S.: Carcinoma of the Duodenum, Am. J. M. 
Sc. 159:469, 1920. 
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etiology. The third portion is the part least frequently involved ; only 
12 per cent of the total number of duodenal cancers have been in this 
segment. 

The sixth decade of life not only is the average age at which car- 
cinoma of the duodenum appears, as shown by table 6, but represents 
the period of life in which the majority of cases occur, as shown by 
the reports of Dewis and Morse® and of Eusterman of the Mayo 
Clinic. Aaron,’ in 1899, after reviewing the literature, stated that a 
malignant disease of the duodenum occurs most often after the age of 
40, and Dewis and Morse,® in 1928, concluded that only a small num- 
ber of persons under 40 years of age were afflicted with this disease. 
Whittier,* in 1889, reported 1 case in a patient aged 17 and 2 cases 
which occurred in patients 18 years of age. Perry and Shaw ? collected 
9 cases of primary sarcoma of the duodenum and reported the age 
extremes as 15 and 63 years, with an average age of 31 years. 


TABLE 6.—Age and Sex Incidence of Primary Duodenal Carcinoma 








Females 
Number 


of Age Average Num- Num- Per 
Author Cases Extremes Age ber , ber Cent 

Brill * > 17-84 52 51 7 13 20 
Fenwick 17 ........ . — 53 3 72 27 
Mayo Clinic* . i 39-70 56 4 F 3 20 
Meyer and Rosenberg ® 36-60 49 0 


Total 13 ce 22 

The fact that primary carcinoma of the duodenum occurs more fre- 
quently in men than in women has never been disputed. In table 6 
the proportion is shown to be about 3:1. This ratio varies tremen- 
dously, chiefly in reports presenting small groups of cases, as for 
instance, the 4 cases presented by Meyer and Rosenberg,’ in which all 
of the patients were men. 

ETIOLOGY 


Up to the present time no more is known concerning the true cause 


of malignant disease of the duodenum than of malignant processes in any 


other part of the body. However, several theories have been mentioned 
in the literature and therefore are presented here. 


denum: Report of Twelve Proved Cases; Summary of the Literature, New 
England J. Med. 198:383, 1928. 

7. Aaron, C. D.: Carcinoma of the Duodenum, Philadelphia M. J. 3:280, 1899. 

8. Whittier, E. N.: Primary Malignant Disease of the Duodenum, Tr. A. Am. 
Physicians 4:292, 1889. 

9. Meyer, J., and Rosenberg, D. H.: Primary Carcinoma of the Duodenum: 
Report of Four Cases, with a Review of the Literature, Arch. Int. Med. 47:917 
(June) 1931. 





EGER—MALIGNANT DISEASE OF DUODENUM 1091 


In 1914, Mayo ’® stated that “when malignant disease of the small 
intestine is found it is usually due to a pre-existing lesion such as a 
degenerating polyp, adenoma or papilloma.” Aberrant glands of the 
stomach have been mentioned as a causative factor by McGuire and 
Cornish.1* Schofield ** and Orth ** believed that cancer arises from 
srunner’s glands, and Jefferson'* admitted that this was possible. 
Others have mentioned pancreatic rests as a possible site of origin, and 
Jefferson,’* in 1916, referred to only 1 case in which he regarded this 
derivation as authentic. Recently Bookman ’** reported another such 
case. On the other hand, Bland-Sutton ** thought that it was “fiction” 
to consider the possibility of carcinoma arising from Brunner’s glands 
or pancreatic rests. The association of duodenal carcinoma with the 
presence of gallstones has been mentioned by Fenwick ** and others, 
but this is generally thought to be purely coincidental. Perhaps the 
most debated etiologic theory is that simple duodenal ulcer may give 
rise to a malignant condition of the duodenum. The opinions of vari- 
ous authors are as follows: After carefully reviewing 30 such cases, 
including 5 of Nattan-Larrier** and 5 of Perry and Shaw,’ Jeffer- 
son '* concluded that “a certain number of the cases were very doubtful 
examples of duodenal carcinoma arising from duodenal ulcer, and that a 
causal relationship between simple ulcer and carcinoma was difficult to 
establish in the case of the duodenum.” According to Lichty,’® the 
incidence of carcinoma arising on duodenal ulcer is 1:80, while that 
of gastric carcinoma developing from gastric ulcer is 1:25. Deaver 
and Ravdin * claimed that the frequency was uncertain. Bland-Sutton ** 
reported a case of chronic duodenal ulcer which gave rise to a sar- 
comatous growth. Dewis and Morse ® claimed that duodenal carcinoma 
probably arises independently and that little evidence has been found 


10. Mayo, W. J.: The Prophylaxis of Cancer, Ann. Surg. 59:805, 1914. 

11. McGuire, E. R., and Cornish, P. G.: Carcinoma of the Duodenum, Ann. 
Surg. 72:600, 1920. 

12. Schofield, J. E.: Carcinoma of the Duodenum, Brit. J. Surg. 18:84, 1930. 

13. Orth, J.: Lehrbuch der speciellen pathologischen Anatomie, Berlin, A. 
Hirschwald, 1887, vol. 1, p. 850. 

14. Jefferson, G.: Carcinoma of the Suprapapillary Duodenum Casually Asso- 
ciated with Preexisting Simple Ulcer: Report of a Case, and an Appendix of 30 
Collected Cases, Brit. J. Surg. 4:209, 1916. 

15. Bookman, M. R.: Carcinoma of the Duodenum Originating from Aberrant 
Pancreatic Cells, Ann. Surg. 95:464, 1932. 

16. Bland-Sutton, J.: Cancer of the Duodenum and Small Intestine, Tr. M. 
Soc., London 38:1, 1914. 
17. Fenwick, W. S.: 

10: 309, 1901. 
18. Nattan-Larrier: Les cancers du duodénum, Gaz. d. hép. 72:1291, 1899. 


19. Lichty, J. A.: Peptic Ulcer and Carcinoma in the Duodenum, New York 
State J. Med. 18:433, 1918. 


Primary Carcinoma of the Duodenum, Edinburgh M. J. 
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that it ever has arisen in preexisting benign duodenal ulcers. Similarly, 
Schofield,** in 1930, advocated that duodenal ulcer has never been 
proved to be a predisposing cause of duodenal carcinoma. Finally, in 
1931, Hinton *° stated that “clinically one can disregard the possibility 
of duodenal ulcer ever taking on malignant degeneration.” 


PATHOLOGY 

Like malignancy elsewhere in the body, the pathologic classification 
of primary malignant tumors of the duodenum differs widely. After 
all, deciding whether or not the condition is malignant is of primary 
importance, while the type of malignancy is only of secondary impor- 
tance and merely a matter of opinion. The various points of origin 
have been previously considered under etiology. 

In regard to duodenal carcinomas, by far the most frequent type 
found is the cylindric cell adenocarcinoma arising from the intestinal 
mucosa. This type has the greatest tendency to encircle the intestine 
in the form of a band or a ring, particularly in the supra-ampullary 
portion, either by practically limiting itself to the mucosa in the form 
of a papillomatous growth (Brill *) or by infiltrating the tissues beneath 
the mucosa (Aaron‘). In either case the tendency is to obstruct the 
lumen of the duodenum. Dewis and Morse ® divided the cylindric cell 
carcinomas into the hard, fibrous, scirrhous form, having few cells and 
abundant stroma, the softer medullary form, having many cells and little 
stroma, and the colloid form, having mucoid degeneration of the cells. 
The cells may change from a cylindric to a squamous form, which 
process has been mentioned by Aaron‘ and Whittier,’ or to a spheroidal 
form, which, according to Brill * and Head,** usually grows as a soft, 
flat excrescence with elongated, overhanging edges and has a tendency 
to ulcerate. Furthermore, the cells may resemble pancreatic cells, or, as 
mentioned by Deaver and Ravdin,’® the carcinoma may be alveolar in 
type. 

Comparatively few cases of primary sarcoma of the duodenum 
have been reported. and in these, the round cell type predominated. In 
contrast to carcinoma, Rolleston ** showed that even though sarcomas 
tend to involve the duodenal tract more extensively than carcinomas, 
obstruction of the duodenal lumen is less likely to occur, because the 
infiltrated duodenal wall is usually softened by the sarcomatous growth, 
and therefore tends to dilate. 


20. Hinton, J. W.: Does Cancer Ever Arise from Ulcers? Am. J. M. Sc. 181: 
843, 1931. 

21. Head, G. D.: Primary Carcinoma of the Third Portion of the Duodenum, 
Am. J. M. Sc. 157:182, 1919. 

22. Rolleston, H. D.: Carcinomatous Stricture of the Duodenum, Lancet 
1:1121, 1901. 
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Any of the various types of malignancy mentioned are subject to 
retrogressive or necrotic changes, such as softening and ulceration, and 
while this is a common finding in malignant conditions of all parts of 
the duodenum, it is especially likely to occur in those about the papilla 
of Vater (Brill*). In addition, Deaver and Ravdin® and Meyer and 
Rosenberg ® are of the opinion that most of the carcinomas of the lower 
or infra-ampullary portion of the duodenum take the form of broad, 
flat, ulcerating masses with stenosis. 

The most common feature of a malignant tumor of the duodenum 
is its constant tendency to obstruct the duodenal lumen, and as the 
obstruction increases, various pathologic changes are produced in the 
adjacent structures, particularly in the stomach and in the portion of 
the duodenum above the obstruction. In these parts compensatory 
thickening and hypertrophy of the muscular coat first occur, and as 
the obstruction increases, there is dilatation of the walls, with incom- 
petency of the pyloric valve and chronic catarrhal inflammation of the 
mucous membranes, perhaps with superficial ulceration (Brill*). On 
the other hand, a malignant process arising at or close to the papilla of 
Vater usually has a tendency to obstruct the biliary and pancreatic 
ducts long before it has had time to attain sufficient size (Rolleston **) 
to obstruct the duodenal lumen, and, therefore, if exploration is made 
at this time, usually. a small, circumscribed tumor with little or no 
changes in the stomach or proximal duodenal walls is found. With 
obstruction of the ampulla, dilatation of the biliary and pancreatic ducts 
results, with the formation of pancreatic retention cysts and possibly 
suppurative infection of the biliary and pancreatic systems, with abscess 
formation and fat necrosis (Deaver and Ravdin® and Brill*). Ely ** 
reported a case in which the dilated gall ducts ruptured, resulting in a 
perinephritic biliary cyst. The duodenal growth may press on the 
portal vein sufficiently to cause ascites (Fenwick **). Perforation into 
the general peritoneal cavity is rare, but occasionally a slight leakage 
causes a local abscess to form, which, in the supra-ampullary portion, 
according to Fenwick,’ burrows upward to the diaphragm or points 
near the umbilicus. In 1925, Morrison and Feldman ** reported a case 
of primary scirrhous carcinoma arising in a diverticulum of the first 
portion of the duodenum, and in 1926 they ** published the complete 
autopsy report on this case. 


23. Ely, J. S.: Carcinoma of the Duodenum Compressing the Common Bile 
Duct; Obstructive Jaundice; Rupture of Dilated Gall-Ducts with Resultant Peri- 
nephritic Biliary Cyst, Proc. New York Path. Soc., 1894, p. 108. 

24. Morrison, T. H., and Feldman, M.: Case of Carcinoma of the Duodenal 
Diverticulum with Consideration of Duodenal Diverticulosis, Ann. Clin. Med. 
4:403, 1925. 

25. Morrison, T. H., and Feldman, M.: Autopsy Report of a Case of Pri- 
mary Carcinoma in the Duodenal Diverticulum, Ann. Clin. Med. 5:326, 1926. 
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Metastases, even to the contiguous lymph nodes, are not common, 
and as a rule occur late in the disease (Brill*). In 125 cases collected 
by Outerbridge,*® metastasis was present in only 27, or 20 per cent. 
Similarly, Dewis and Morse ® reported 12 cases, metastasis being pres- 


ent in only 3, or 25 per cent. The most common sites of metastasis 
are the pancreas, liver and the contiguous lymph nodes (Herman and 
von Glahn **), but involvement of the lungs, supraclavicular glands, 
bones, gallbladder and peritoneum has been noted in some instances. 
The metastatic growths seldom attain any great size, probably because 
of the rapid course of the disease. According to Fenwick,'’ the growth 
may establish communication with the gallbladder or the contiguous 
bowel, or may even produce an external fistula. In 1893, Pye-Smith ** 
reported a case in which there were two separate duodenal carcinom- 
atous masses, one encircling the intestine just below the pyloric 
sphincter, the other, a larger rounded mass, being 3 inches (7.6 cm.) 
lower in the duodenum, and he concluded that the upper, primary tumor 
gave rise to the lower mass by direct contact. 


SYMPTOMS 


The symptoms of primary malignant disease of the duodenum 
usually are discussed according to the three divisions of the duodenum, 
but after reviewing the literature one is impressed by the large group of 
symptoms common to all, portions of the duodenum affected, and by 
the comparatively small number of symptoms that tend to differentiate 
obstruction in one portion of the duodenum from that in another por- 
tion. Since the chief symptoms of malignant disease of the duodenum 
depend on obstruction of the duodenal lumen, they vary more with the 
rapidity of development and the consistency of the growth than with 
the location of the growth, except when it arises from or close to the 
papilla of Vater and causes the symptoms of biliary obstruction which 
may or may not be accompanied by evidence of intestinal obstruction. 
With this exception and the presence of bile and pancreatic juice in 
the vomitus, when the obstruction is distal to the ampulla of Vater, 
all three portions of the duodenum, when obstructed, produce the same 
symptoms, and therefore their differentiation will be considered in the 
discussion of diagnosis. 

In contrast to obstruction of the large intestine, causing symptoms 
referable to the intestines, duodenal obstruction causes symptoms refer- 


26. Outerbridge, G. W.: Carcinoma of the Papilla of Vater, Ann. Surg. 57: 
402, 1913. 

27. Herman, N. B., and Von Glahn, W. C.: Carcinoma of the Supra-Ampullary 
Portion of the Duodenum, Am. J. M. Sc. 161:111, 1921. 


28. Pye-Smith, P. H.: Cancer of the Duodenum, Tr. Path. Soc.. London 45: 
63, 1893. 
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able to the stomach (Aaron’). In the beginning these symptoms are 
loss of appetite, gas formation with a feeling of fulness in the upper 
part of the abdomen, belching and occasional nausea after meals. As 
the obstruction increases, all of these symptoms are more pronounced, 
and then vomiting begins, accompanied by constipation, loss of weight 
and strength, dehydration and various degrees of pain in the upper 
part of the abdomen. As the degree of obstruction varies from time to 
time because of ulceration and sloughing of the growth, so do the 
symptoms vary, thereby occasionally giving rise to periods of relief and 
improvement. 

Vomiting is_a common symptom, but may be entirely absent, may 
cease after a time, or may make its first appearance late in the course 
of the disease, depending on the type of obstruction. It may occur 
shortly after each meal, only once a day, or may be recurrent. The 
vomitus may be small or large in amount, and may be red-streaked, 
diffusely red, brown, black, yellow or green. Rarely does extensive 
hemorrhage occur, but coffee ground vomitus is not uncommon. 

Pain is a variable symptom. It may be entirely absent or may be 
the most outstanding complaint. It may be sudden or gradual in onset, 
mild or severe in intensity and dull, sharp, burning or cramplike. It 
usually appears two or three hours after meals (Meyer and Rosenberg,® 
Eusterman, et al*). It usually is referred either to the epigastrium or to 
the right hypochondrium, but occasionally extends over the whole upper 
part of the abdomen (Brill*). It may have no relation to meals or 
may not be relieved by vomiting. 

Constipation is usually present, especially after the onset of vomit- 
ing, but may be entirely absent or alternate with diarrhea. The stools 
may be normal, clay-colored or tarry. 

The onset of jaundice depends on the location of the growth. If the 
tumor arises at or very near the papilla of Vater, jaundice appears 
early; in fact, it may be the first symptom of the disease. In such 
instances, it is usually progressive, continuous and often painless, but 
may entirely disappear or be intermittent, as a result of ulceration and 
sloughing of the obstructing portions of the growth, of increased 
intrabiliary pressure forcing the bile through the obstructed papillary 
opening (Brill*) or of subsidence of papillary edema (Meyer and Rosen- 
berg®). Otherwise, it is a late symptom due to secondary nodules in 
the liver, or to compression of the bile duct, either by enlarged adjacent 
lymph nodes or by extensive growth of a more remote tumor. Occa- 
sionally the symptoms of secondary biliary and pancreatic infection arise 
and complicate the picture. 

Fever usually is not present unless there is marked ulceration or 
secondary biliary infection. It may appear as an accompaniment of 
terminal toxemia. 
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PHYSICAL EXAMINATION 

As in any other disease, the general appearance of patients with 
primary malignant disease of the duodenum varies according to the 
length of time the disease has been in progress. Thus, early in the 
disease they may look robust and healthy, the only complaint being a 
vague discomfort in the upper part of the abdomen, or jaundice may be 
the first and outstanding feature. On the other hand, when seen later in 
the course of the disease, as is usually the case, the patients have a 
cachectic appearance with a pale dry skin, especially after the onset of 
vomiting. 

During a complete examination the attention of the examining physi- 
cian is directed chiefly to the abdomen. In contrast to that of the lower 
intestines, in obstruction of the duodenum, the abdomen nearly always 
is flat, retracted or sunken, owing to lack of fecal and gas retention 
(Aaron*’ and Brill*). However, an existing ascites may cause it to 
protrude. If there is gastric distention, there is an accompanying ful- 
ness in the epigastrium and left hypochondrium, perhaps with a fairly 
wide area of transmitted aortic pulsation, and gastric peristaltic waves 
are present. The latter were visible in 5 of 15 cases reported by 
Eusterman and his collaborators at the Mayo Clinic.* Rarely the 
tumor mass may be seen either fixed or moving with respiration. 


Usually the abdominal wall is soft, but occasionally there are epi- 


gastric rigidity and tenderness when the pain is severe. The tumor is 
palpable in from one third (Mayo Clinic *) to one half (Brill*) of the 
cases, and is usually small, firm and irregular. The location of the 
tumor is fairly similar for all portions of the duodenum, being either 
in the right half of the epigastrium, in the right hypochondrium or 
near the umbilicus. Growths of the supra-ampullary region of the 
duodenum are usually quite mobile, while those of the ampullary and 
infra-ampullary portions are immobile owing to fixation of these por- 
tions to the posterior abdominal wall by the peritoneum. Furthermore, 
careful palpation may reveal gas gurgling through the tumor, especially 
in the supra-ampullary type. An enlarged liver and gallbladder may 
be found, particularly if jaundice is present. The liver is usually 
smooth and firm, but if metastasis has occurred, nodules may be felt. 
Likewise, peritoneal implantations or greatly enlarged lymph nodes 
may be palpated. Metastasis to the supraclavicular glands, especially 
on the left, has been mentioned by Herman and von Glahn ** and by 
Meyer and Rosenberg.® 

By percussion, if the abdomen is protruding, the shifting dulness of 
ascites can be differentiated from the tympanitic gaseous distention of 
obstruction of the lower part of the intestines. Occasionally a dilated 
stomach, and even duodenum, can be outlined. 
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By auscultation one may detect gurgling of gas through the tumor, 
a friction rub of local peritonitis, and more commonly a gastroduodenal 
succussion splash, which was found to be present in 4 of the 15 cases 
seen at the Mayo Clinic.* 


SPECIAL STUDIES 

In the early stages of primary malignant disease of the duodenum 
studies on the blood throw little light on the disease, but later, after the 
onset of frequent vomiting or other complications, they are of some 
value, at least in determining the severity of the disease. The usual 
finding is a moderate secondary anemia, and if infection is present, 
there is an accompanying leukocytosis with an increase in polymor- 
phonuclear neutrophils. The van den Bergh test and icterus index 
should be determined not only when jaundice is present, but also in all 
cases in which biliary obstruction is suspected. The extreme value of 
these procedures in combination with the coagulation time is apparent. 

Even though the pancreatic duct is completely obstructed, hyper- 
glycemia may never be present or may occur only after considerable 
time has elapsed. This agrees with the experiments of Kirkbride,*® who, 
according to Jefferson,’* “examined microscopically a portion of the 
pancreas which had been isolated and had had its ducts ligated fifteen 
months previously: there was no trace of acinar cells, but the islets of 
Langerhans persisted and appeared to be actively functioning.” The 
presence and degree of toxemia from duodenal obstruction, which are 
other important factors, may be determined by the presence of an 
increase in the carbon dioxide-combining power and in the level of urea 
with a decrease in the amount of chloride in the blood. 

The urine is of high specific gravity if the patient is dehydrated, 
and usually indicanuria is present. Glycosuria may be present if there 
is pancreatic damage, and bile is found if there is biliary obstruction. 

The stool findings vary according to the degree and site of the 
obstruction. If bile, pancreatic juice or both are prohibited from enter- 
ing the lower part of the intestinal tract by obstruction at or below 
the ampulla of Vater, the stools are characteristic. If bleeding is 
present, they will be tarry or show occult blood. In addition, they may 
be normal or may vary from time to time. 


Repeated analysis of the gastric contents and vomitus is important. 
In all the groups free hydrochloric acid usually is diminished, less com- 
monly absent and rarely normal. Of the 12 cases reported by Euster- 
man,* 5 patients had achlorhydria and 7 had diminished free 
hydrochloric acid. If the obstruction is below the ampulla of Vater, bile 
and pancreatic juice will be found in the contents of the stomach. Gas- 


29. Kirkbride, M.: The Islands of Langerhans After Ligation of the Pancreatic 
Ducts, J. Exper. Med. 15:101, 1912. 
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tric motor function depends on the amount of gastric dilatation, being 
increased during the early stages and decreased later. Careful search 
may reveal fragments of the tumor. 

$y roentgenographic examination the exact site of the obstruction 
can occasionally be determined, as occurred in 2 of 10 cases at the 
Mayo Clinic.* Otherwise, the usual findings are a dilated hypomotile 
stomach, barium retention and no evidence of any gastric lesion. Occa- 
sionally dilatation of the duodenum is prominent. Herman and von 
Glahn,”* in their case of annular duodenal carcinoma situated just distal 
to the pyloric sphincter, emphasized the length of the stalk of barium 
formed by the lumen of the growth lying between the pylorus and the 
duodenal cap, which was apparent in the roentgenogram. 


COURSE AND DURATION 


In most cases, primary malignant disease of the duodenum runs a 
progressive course. The onset usually is insidious, with vague epigastric 
symptoms and little impairment of the general health, until the growth 
produces obstruction either of the duodenal lumen, with frequent vomit- 
ing, or of the flow of bile, with jaundice. From then on, especially 
with the interference of nutrition, there is a rapid decrease in the 
patient’s resistance, with a rapidly fatal termination. The terminal phase 
occasionally is prolonged when there is a spontaneous release of the 
obstruction by ulceration and sloughing of the growth or when there is 
surgical intervention. The average duration of the disease generally 
quoted in the literature is seven months, with the average extremes 
being three and eighteen months. Intercurrent infection, toxemia of 
high intestinal obstruction, general inanition and other complications 
already discussed are the usual causes of a rapidly fatal outcome. 


DIAGNOSIS 


The diagnosis of a primary malignant condition of the duodenum 
is one of the most difficult problems confronted in medicine, and there 
are two outstanding reasons for this difficulty. On the one hand, there 
is a lack of characteristic symptoms and signs with an abundance of 
features common to several other lesions of the upper part of the 
abdomen ; on the other hand, its rarity, in contrast to the frequency of 
malignancy in adjacent structures, results in the frequent failure to 
include it in the differential diagnosis. Consequently, in only a few 
cases recorded in the literature has the diagnosis even been suspected. 
Hence most cases were diagnosed either at operation or at autopsy. 
Some writers have stated that the diagnosis is impossible clinically. 
However, there are several important steps leading to a possible diag- 
nosis of this condition which should be emphasized. Since primary 
malignant disease of the duodenum usually manifests itself by obstruc- 
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tion of the lumen of the intestine, the first step is to decide that the 
case is one of chronic intestinal obstruction, which can usually be done 
readily except in the very early cases; then, to locate the obstruction 
definitely, and finally, to determine the exact cause of the obstruction. 

Localization of the lesion is practically impossible in the very early 
cases of primary malignant disease of the duodenum when there is no 
clinical or roentgenographic evidence of obstruction. In these cases, 
the only hope of diagnosis usually lies in exploratory laparotomy. In 
the later cases, in which the growth has enlarged sufficiently to constrict 
the lumen of the intestine, there is usually no difficulty in deciding that 
the case is one of chronic intestinal obstruction and that the obstruction 
is high in the intestinal tract, in the pylorus, the duodenum or the upper 
part of the jejunum. The location may be determined by the history 
of early appearance of gastric symptoms, the lack of gaseous intestinal 
distention, with the presence of gastric retention and distention, and the 
absence of fecal vomiting even though the vomiting has persisted for 
some time. Because of its frequency a lesion of the pyloric end of the 
stomach must first be ruled out, and this is done chiefly by roentgen 
examination, by means of which stenosing pyloric gastric lesions may be 
detected in from 95 to 98 per cent of cases. The next problem is to 
rule out the jejunum as the site of the disorder. This is done by roent- 
genographic examination, the absence of feculant material in the 
vomitus and by the fact that lesions in the jejunum are less likely to 
cause marked diminution or absence of free hydrochloric acid in the 
gastric contents. When there is no positive evidence that either the 
stomach or the jejunum is at fault, it is justifiable to assume, at least 
temporarily, that the obstruction is in the duodenum. If it is below the 
ampulla of Vater, bile and pancreatic juice usually are found in the 
gastric contents on repeated examinations, and the long, dilated, proxi- 
mal duodenal portion usually is detectable in the roentgenogram. If the 
lesion is close to the ampulla, evidence of biliary or pancreatic obstruc- 
tion usually occurs earlier than in obstruction of the other portions of 
the duodenum, and, if present, together with the characteristic roent- 
genogram, greatly aids in localizing the lesion. If the obstruction is 
above the ampulla, roentgen examination must determine its location, 
or it must be assumed to be in this portion by exclusion of the other two 
sites. 

Having more evidence that the obstruction lies in the duodenum 
than in the stomach or the jejunum, and perhaps having even limited 
the obstruction to one of the three duodenal portions, the next problem 
is to determine the cause of the obstruction. As primary malignant 
disease of the duodenum has no specific symptoms, signs or special 
findings, it must be diagnosed chiefly by exclusion of other possibilities. 
Furthermore, even though the patient’s age and the very nature and 
rapid course of the disease suggest malignancy, there can be no cer- 
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tainty about this and, therefore, it is necessary to include the possi- 


bility of benign lesions in the differential diagnosis. This, of course, 
greatly increases the number of factors to be kept in mind, but since 
most of the benign lesions can usually be ruled out quite easily except 
for a few of the more common ones, no attempt will be made to dif- 
ferentiate them in detail. Except in the very early cases, primary 
malignant disease of the duodenum has certain features which usually 
are present and which greatly aid in the differential diagnosis. These 
are the evidence of chronic high intestinal obstruction; absent or dimin- 
ished free hydrochloric acid and gastric motility ; dilatation of the duo- 
denum, stomach or both; the presence of blood in the feces and gastric 
contents, and a palpable tumor (in from 30 to 50 per cent of cases) 
to the right of the midline in the epigastrium or in the region of the 
umbilicus, which is usually movable in the first portion and fixed in 
the other two portions of the duodenum. 

In diagnosing primary malignant disease of the first portion of the 
duodenum, pyloric carcinoma is most likely to cause confusion, and the 
differentiation must be made chiefly by roentgenographic examination. 
If roentgen examination fails to demonstrate any gastric lesion, but 
shows duodenal dilatation, there is good reason for excluding the 
stomach as the site of the disease. Free hydrochloric acid tends to 
disappear earlier in cases in which there is a gastric lesion than in those 
in which there is a malignant condition of the duodenum. If a tumor 
of the stomach is palpable, it usually is less movable and nearer the 
midline than a tumor in the first portion of the duodenum ( Fenwick **). 
In spite of these facts, the differentiation is often impossible. Among 
the other possibilities, stricture due to a benign peptic ulcer either in the 
pylorus or in the duodenum sometimes is also difficult to rule out. 
However, the points against such an ulcer are the usual lack of the 
characteristic history of ulcer, the more rapid development of ema- 
ciation, cachexia and stenosis, a marked decrease or absence of free 
hydrochloric acid, the presence of a palpable tumor and the failure to 
demonstrate an ulcer by roentgen examination. Regarding supra- 
ampullary duodenal obstruction by external pressure, enlargement of 
the gallbladder is perhaps the most frequent cause, but other causes 
mentioned by Fenwick ** are growths of the omentum, kidney, pancreas 
or liver, enlarged retroperitoneal glands and an aneurysm of the celiac 
axis or of the hepatic artery. In all of these, in contrast to primary 
malignant disease of the duodenum, the presence of a comparatively 
severe obstruction, usually of rapid development, marked cachexia and 
loss of weight, the presence of blood in the vomitus and stools and a 
marked decrease or absence of free hydrochloric acid in the gastric 
secretion are the exception rather than the rule. In addition, roentgen 
examination may be of value, especially in detecting an enlarged gall- 
bladder. 
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Duodenal obstruction due to primary malignant disease of the second 
portion is even more difficult to differentiate from that due to other 
possible causes, among which a stenosing simple ulcer and pyloric car- 
cinoma have to be considered in the manner already described. Acute 
pancreatic disease develops much more rapidly, produces less distur- 
bance of digestion and more pain and is less likely to reduce the free 
hydrochloric acid than is primary malignant disease of the duodenum. 
Similarly, chronic pancreatitis and pancreatic tumors are less likely to 
produce obstruction of the duodenal lumen and persistent blood in the 
feces and vomitus, or greatly to reduce the content of free hydrochloric 
acid in the gastric secretion. When the lesion is situated at or close to 
the papilla of Vater and produces jaundice very early in the disease, 
it is practically impossible to differentiate it from malignant disease of 
the papilla or the ampulla of Vater, chronic diseases of the pancreas 
or malignant disease of the gallbladder or the common bile duct, except 
at operation or autopsy, and even then the differentiation is difficult. 

Obstruction of the third or infra-ampullary portion of the duodenum 
by a primary malignant growth has to be differentiated chiefly from 
malignant obstruction of the proximal jejunum. For this chief depen- 
dence is placed on roentgen examination. Stenosis by a simple ulcer in 
this portion of the duodenum can usually be ruled out. In addition to the 
factors opposing a diagnosis of pyloric carcinoma mentioned previously, 
bile and pancreatic juice usually are not present in the gastric contents 
in pyloric obstruction unless there is pyloric insufficiency or a gastro- 
biliary fistula. Furthermore, obstruction of the third duodenal portion 
by enlarged retroperitoneal glands or superior mesenteric vessels, 
impaction of a large gallstone or external pressure from a tumor of a 
contiguous viscus has to be considered. 


TREATMENT 


The value of early surgical intervention has long been recognized in 
the treatment of primary malignant disease of the duodenum, but only 
in recent years has the extreme importance of proper preoperative 
preparation been sufficiently emphasized. Since most cases are compli- 
cated either by toxemia of high intestinal obstruction or by jaundice, 
or occasionally by both, the patients present poor surgical risks, and 
if they are not properly prepared before operation, their lives may 
be shortened instead of lengthened by any such procedure. 

According to Eusterman,* even though toxemia from duodenal 
obstruction may be suspected clinically, it is chiefly by means of chemical 
studies of the blood that this condition can be recognized early, its 
severity measured, the extent of treatment gaged and the effect of treat- 
ment determined. Treatment at the Mayo Clinic consists of the admin- 
istration of from 3,000 to 5,000 cc. of fluid daily by the intravenous, 
subcutaneous or rectal route; the intravenous injection of from 1,000 
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to 3,000 cc. of a solution of 1 per cent sodium chloride and 10 per cent 
dextrose, and gastric lavage once or twice a day. If this treatment is 
continued daily for a time varying with the individual case, usually for 
about from four to seven days, marked improvement in the patient’s 
general condition almost invariably results, as shown by daily chemical 
studies of the blood. In addition, transfusions of blood are especially 
indicated in these cases. 

When jaundice is present, the preoperative treatment is likewise of 
the utmost importance, owing chiefly to the frequency of death result- 
ing from postoperative hemorrhage. In the 59 cases collected by Cohen 
and Colp,*° in which radical operation was performed for malignant 
disease of the periampullary region of the duodenum, 10, or 40 per cent, 
of the 25 deaths were due to postoperative hemorrhage. From Barrow, 
Armstrong and Olds*' it is learned that in normal blood there is 
approximately 1 part of bilirubin to 500,000 or 600,000 parts of serum, 
and that the proportion has to increase to approximately 1 part in 50,000 
or 60,000 before clinical jaundice begins to appear. The range of bili- 
rubinemia between the normal dilution and the concentration necessary 
to cause the first appearance of clinical jaundice is known as “latent 
jaundice.” In terms of icterus index, the normal range is between 4 
and 6, latent jaundice is between 6 and 15, and clinical jaundice usually 
appears above 15. When jaundice is evident, the necessary precautions 
are usually taken, but when the jaundice is latent, it may give rise to 
unsuspected operative hemorrhage, unless it has been recognized and 
properly treated before operation. Therefore, the importance of per- 
forming the van den Bergh test, icterus index and studies on the coagu- 
lation of blood in all of these cases cannot be overestimated. For 
the preoperative preparation of jaundiced patients there is the method 
of Walters,** recommended by Cohen and Colp,*® consisting of the daily 
administration of 5 cc. of 10 per cent calcium chloride solution intra- 
venously for three days; 100 grains (6.5 Gm.) of calcium lactate by 
mouth daily for four days; 4,000 cc. of water by mouth daily; procto- 
clysis by means of a Murphy drip one hour on and one hour off, from 
3 to 15 per cent solution of dextrose being used; a high carbohydrate 
diet or a 10 per cent solution of dextrose intravenously, which, accord- 
ing to Mann and Magath,** is almost specific for hepatic insufficiency, 


30. Cohen, I., and Colp, R.: Cancer of Periampullary Region, Surg., Gynec. & 
Obst. 45:332, 1927. 

31. Barrow, J. V.; Armstrong, E. L., and Olds, W. H.: A Clinical, Patholog- 
ical and Operative Study of the Icterus Index, Am. J. M. Sc. 169:583, 1925. 

32. Walters, W.: Pre-Operative Preparation of Patients with Obstructive 
Jaundice, Surg., Gynec. & Obst. 33:651, 1921. 

33. Mann, F. C., and Magath, T. B.: Studies on the Physiology of the Liver, 
Am. J. Physiol. 55:285, 1921. 
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and also a transfusion of blood, given from twenty-four to forty-eight 
hours before operation, if the patient does not respond to the other 
measures. By this method Walters ** was able to reduce the coagu- 
lation time of the blood from fourteen minutes to two minutes in some 
cases. Judd ** sanctioned this treatment, but expressed the belief that 
it is better to continue it for one or two weeks instead of for only 
three or four days, as recommended by Walters.** 


The type of operative procedure in primary malignant disease of the 
duodenum depends on the condition of the patient, the size and location 
of the growth and the presence or absence of complications, such as 
jaundice or metastases. In the uncomplicated cases, if the growth is 
very small, excision of the growth and a small amount of surrounding, 
healthy tissue may be all that is necessary, but if the growth is larger 
or encircles the duodenum, a radical resection of the affected portion of 
the intestine should be done with or without gastro-enterostomy or trans- 
plantation of the biliary and pancreatic ducts into the duodenal wall. 
In 1 case, according to Outerbridge,** a small growth was simply cur- 
retted away and the site cauterized. When jaundice is present and the 
growth is small and localized to the immediate region of the papilla, 
Cohen and Colp *° recommend radical excision of the growth and reim- 
plantation of the biliary and pancreatic ducts into the duodenum, but 
if the tumor is inoperable, the biliary obstruction should be relieved by 
cholecystogastrostomy, cholecystoduodenostomy, cholecystenterostomy 
or cholecystostomy. If the gallbladder has been removed previously or 
if the case is unadaptable for anastomosis, a choledochoduodenostomy 
or a choledocho-enterostomy may be performed. On the other hand, if 
the patient’s condition does not justify radical excision, the two stage 
method used by Mayo ** and Kausch ** may be followed, in which a 
palliative operation, such as cholecystenterostomy or gastro-enterostomy, 
is performed to relieve distressing symptoms, followed later, in their 
cases in two or three months, respectively, by the radical operation. 
When metastases are present without evidence of biliary obstruction, a 
palliative gastro-enterostomy alone is a justifiable procedure. 


OPERATIVE RESULTS 


Since the average length of life of patients with primary malignant 
disease of the duodenum, especially of the ampullary region, is generally 
quoted as being from six to eight months, in spite of palliative measures, 


34. Judd, E. S.: Surgical Procedures in Jaundiced Patients, Collected Papers 
of the Mayo Clinic, Philadelphia, W. B. Saunders Company, 1925, vol. 17, p. 125; 
J. A. M. A. 85:88 (July 11) 1925. 

35. Mayo, W. J.: A Case of Carcinoma of the Duodenal End of the Common 
Duct with Successful Excision, St. Paul M. J. 3:374, 1901. 


36. Kausch, W.: Die Resektion des mittleren Duodenum, Zentralbl. f. Chir. 
36:1350, 1909, 
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the question arises as to what are the results when radical procedures 
are undertaken in these cases. In the 59 cases collected by Cohen and 
Colp * in 1927, in which radical operation of the ampullary region had 
been performed, the operative mortality was 44 per cent. Table 7 shows 
the length of life of those who survived the operation and lived for 
more than six months. In a similar series of 81 cases collected by 
Muller and Rademaker ** in 1931, 16 patients, or 19.7 per cent, lived 
more than one year, 7 patients, or 8.6 per cent, lived four years or more, 
2 patients lived five years, 2 six years, 1 nine years and 1 twenty-two 
years. In all of these, a transduodenal excision with reimplantation of 
the common duct was performed. In this same series, there was 1 case 
in which the patient lived for five years after merely a palliative chole- 
cystoduodenostomy was performed. If symptoms develop after a radical 
operation has been performed, they should be relieved by palliative 


TasLe 7.—Results of Radical Operations for Carcinoma of the Ampullary Region 
of the Duodenum (Cohen and Colp ?°) 


Number of Cases Per Cent 
27 45.8 
14 23.7 
6 10.1 


2 


measures, which often greatly prolong the life of the patient, as illus- 
trated by a case reported by Muller and Rademaker * in which there 
was a five year cure. Strauss, Block, Friedman and Hamburger * 
reported a case in which there was a lymphosarcoma located distal to 
the ampulla of Vater; the patient survived two years after pyloric 
closure and gastro-enterostomy followed by a course of high voltage 
roentgen therapy. Schofield,’* in 1930, reported a case in which chole- 
cystoduodenostomy and posterior gastro-enterostomy were performed, 
followed by implantation of radon seeds in the adenocarcinomatous 
growth located on the posteromedial wall of the duodenum in the 
ampullary region. Autopsy twenty-nine days later showed a fistula in 
the anterior surface of the duodenum, but the wall at the site of the 


37. Muller, G. P., and Rademaker, L.: End-Results in Radical Operations 
for Carcinoma of Periampullar Region of Duodenum, Ann. Surg. 93:755, 1931. 

38. Strauss, A. A.; Block, C.; Friedman, J. C., and Hamburger, W. W.: 
Sarcoma of Duodenum and Stomach, S. Clin. North America 5:977, 1925. 
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malignant growth was intact, the growth was difficult to identify grossly, 
and there was complete absence of cancer cells im many microscopic 
sections. 

Following are the reports of 2 cases of duodenal carcinoma observed 
at the Cleveland Clinic. 


REPORT OF CASES 


Case 1—History—A married woman, aged 53, was admitted to the Cleveland 
Clinic Hospital on Dec. 20, 1931, with persistent and progressive symptoms of ten 
months’ duration, which included frequent, dull, epigastric pain, gas formation, 
loss of 39 pounds (17.7 Kg.), a marked decrease in strength and frequent nausea 
and vomiting; the pain always was limited to the epigastrium, never radiated, 


Fig. 1 (case 1)—Roentgenogram taken following a barium meal, showing 
dilatation of the stomach and of the duodenal bulb. 


appeared at any time of the day or night, lasted from a few minutes to several 
hours, usually was relieved by vomiting and always was followed by soreness in 
the region of the gallbladder. There had never been hematemesis, jaundice, fever 
or chills. There had been varying degrees of constipation, but never any diarrhea. 
The stools frequently were light yellow, but never tarry. There was nothing in 
the past history or in the family history which had any bearing on the case. 


Examination.—The patient was a small woman, only 4 feet, 9 inches (144.8 cm.) 
in height, weighing 99 pounds (44.9 Kg.), who, in spite of having lost 39 pounds, 
did not look emaciated. The skin appeared to be of normal color and texture. 
The temperature was 98.6 F.; the pulse rate was 110, and the blood pressure was 
150 systolic and 70 diastolic. Oral examination showed receding gums, marked 
pyorrhea and small, chronically infected tonsils. The heart sounds were normal 
except for a soft systolic aortic murmur. There was moderate sclerosis of the 
peripheral vessels. The abdomen was flat and soft, and there was no palpable 
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mass. The liver and gallbladder were not enlarged, but there was slight tenderness 
in the region of the gallbladder. Rectal examination was negative except for a 
few small external hemorrhoids. 

The blood count was normal, with 4,840,000 erythrocytes, 9,700 white cells and 
a hemoglobin content of 84 per cent. Repeated urinalyses showed nothing abnor- 
mal. The Wassermann and Kahn reactions were negative. Gastric analysis could 
not be done because of nausea and vomiting. The blood sugar was 97 mg. per 
hundred cubic centimeters, and the blood urea, 51 mg. Roentgen examination 
failed to reveal the gallbladder because the dye had not been properly absorbed. 
The barium meal showed a hugely dilated stomach and duodenal bulb (fig. 1) 
without evidence of any organic defect, but just beyond the duodenal bulb there 
was an obstructive lesion that was constant in all positions. There also was evi- 
dence of residue in the stomach and duodenal bulb, after six hours, but none at 
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Fig. 2 (case 1).—Section of the adenocarcinoma; reduced from 150. 


twenty-four hours, showing that the obstruction was not complete. The colon 
seemed completely normal. 

Operation and Course—An operation, performed on Dec. 24, 1931, by Dr. R. S. 
Dinsmore, revealed a large, dilated stomach and duodenal bulb caused by a hard, 
nodular, ringlike growth 1 inch (2.5 cm.) in width completely encircling the 
second portion of the duodenum about 3 inches (7.6 cm.) beyond the pylorus. 
There was no evidence of metastasis, and the gallbladder and ducts were normal. 
Biopsy showed the growth to be adenocarcinoma (fig. 2). A palliative posterior 
gastro-enterostomy was performed. 

The patient made an uneventful operative recovery and was discharged on the 
sixteenth day after operation. Her symptoms had been completely relieved. She 
was seen about three weeks later, complaining of diarrhea and hemorrhoids, which 
were treated. Jaundice first appeared on Feb. 9, 1932, just a month following her 
discharge from the hospital, and because it was progressive, continuous and accom- 
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panied by,intense itching, she was admitted to the Cleveland Lutheran Hospital on 
April 4. Examination at that time showed that she was quite jaundiced and ema- 
ciated. Her weight was only 79 pounds (35.8 Kg.). The liver and gallbladder 
were moderately enlarged and tender. Examination of the blood showed that 
anemia had developed; the erythrocytes numbered 3,700,000; the white blood cells, 
5,000, and the hemoglobin had dropped to 68 per cent; the icterus index was 101. 
A cholecystostomy was performed on April 6 by Dr. W. E. Lower, followed by 
an uneventful operative recovery and a rapid subsidence of the itching and 
jaundice. The patient was discharged in good condition on April 18. Four months 
later, in August, she was much improved, had gained 30 pounds (13.6 Kg.), and 
was doing her own housework. The bile was draining freely through the 
cholecystostomy wound, and the stools were white. The patient was free from 
any distressing symptoms. °9% 


Case 2.—History—A married woman, aged 50, was admitted to the Lakeside 
Hospital on July 3, 1918. She had had a cholecystectomy in March, 1917, which 
was performed at another hospital and of which no record was obtainable, follow- 
ing which there were a gradual loss of 68 pounds (30.8 Kg.), a marked decrease 
in strength, marked constipation, requiring daily cathartics and enemas, and attacks 
of vomiting, lasting from two to three days and recurring from every three to six 
weeks, which were usually accompanied by either soreness or moderate cramplike 
pain in the epigastrium. The vomitus was usually of a yellowish-green color and 
on two occasions had contained food ingested forty-eight hours previously. There 
had been no jaundice at any time. The past history and family history were irrel- 
evant except that the patient had typhoid fever in 1889. 


Examination——The patient had a flat abdomen with marked tenderness and 
slight rigidity in the epigastrium. The liver and spleen were not enlarged. No 
circumscribed mass was palpable. 

Examination of the blood showed 4,480,000 erythrocytes, 8,200 leukocytes and 
70 per cent hemoglobin; the Wassermann reaction was negative. The urine was 
acid and contained albumin, a few white blood cells, epithelial cells, casts, mucous 
shreds and uric acid crystals. Gastric analysis showed an absence of blood and 
mucus and the presence of bile and a few undigested particles of food. Gastric 
analysis ten days later again showed an absence of free hydrochloric acid and a 
total acidity of 20 per cent, but this time every specimen contained free blood. 


Operation and Course—On July 29, 1918, operation by Dr. W. E. Lower 
revealed a hard, carcinomatous mass, 1 inch (2.5 cm.) in length, obstructing the 
third portion of the duodenum 7 inches (17.78 cm.) distal to the pylorus. There 
was no evidence of metastasis. A radical resection of this portion of the duodenum 
with a lateral anastomosis and appendectomy were performed. 

The patient made an uneventful operative recovery and was discharged on 


August 21 in good condition. She lived until Sept. 20, 1924. The exact cause 
of death was not known. No autopsy was obtained. 


39. The patient’s condition was satisfactory until late in January, 1933, when 
drainage from the cholecystostomy opening ceased, jaundice and itching recurred, 
and a large mass was palpable in the right upper part of the abdomen. She failed 
rapidly, and died about three weeks later. Autopsy was refused, but the clinical 
signs and symptoms indicated that there had been extension of the growth and 
obstruction of the common bile duct. 
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CONCLUSIONS 

1. Primary carcinoma of the duodneum is found in 0.033 per cent of 
autopsies, making the ratio 1: 2,780. Although it is a rare disease, a 
sufficient number of cases have been reported to arouse clinical interest. 

2. It is almost as frequent as carcinoma of the jejunum and ileum 
combined. 

3. It occurs three times as frequently in men as in women. 

4. The sixth decade of life is the average and most frequent period 
in which this disease occurs. 

5. Of the three duodenal portions, the second or ampullary is by 
far the most frequently involved. 

6. Cylindric cell adenocarcinoma, with its tendency to encircle and 
obstruct the duodenum, is the type most frequently found. 

7. There is little evidence that malignant disease of the duodenum 
ever arises from a simple duodenal ulcer. 

8. Metastases, even to the contiguous lymph nodes, are not common, 
and generally occur very late in the disease. 

9. Since primary malignant disease of the duodenum has no char- 
acteristic symptoms, signs or special findings, the diagnosis is most 
difficult. 


10. The course of the disease is usually progressive and rapid. 


11. Radical excision should be performed in the uncomplicated 
cases ; otherwise, palliative measures are justifiable. 


12. More thorough preoperative preparation is one method of reduc- 
ing the existing high operative mortality in these cases. 

13. So few cases of primary sarcoma of the duodenum have been 
reported that it is impracticable to draw any conclusions regarding 
them. However, sarcoma is generally thought to occur less frequently 
and at an earlier age than carcinoma and to be more responsive to high 
voltage roentgen therapy. 
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NASOPHARYNGEAL CARCINOMA 
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A review of the reports of nasopharyngeal carcinomas is made dif- 
ficult by the various titles used to describe them. To some extent this 
confusion exists because of variations in the structural arrangement 
and meager differentiation of the tumor cells, but especially because 
these tumor tissues have been found metastatic in cervical lymph nodes 
and the primary focus was not considered, or was overlooked during the 
life of the patient, or in the body when the postmortem examination 
was made. Consequently, the metastases in the lymph nodes were 
regarded as primary growths, and the alinement of the observations 
with such an interpretation brought confusion. Among the descriptive 
titles used are carcinoma, epithelioma, transitional cell carcinoma, 
lympho-epithelioma and endothelioma as well as others when the reports 
are without an adequate gross or histologic description. The review of 
nasopharyngeal carcinoma by Norcross ' in 1913 mentioned about fifty- 
five growths, and at the end of 1931 there were less than eighty more. 
Secause of marked radiosensitivity and histologic structure, some 
authors have described certain of these tumors as transitional cell epi- 
dermoid carcinoma in contradistinction to the squamous cell variety. 
Thus, Crowe and Baylor,? Quick and Cutler,* and Hughes * together 
have reported nineteen such tumors. They contend that this tumor has 
a specific histologic structure. The growths have small closely arranged 
cells with scanty cytoplasm and hyperchromatic nuclei, and only a small 
amount of intercellular substance. The primary focus of these carci- 


From the Henry Baird Favill Laboratory of St. Luke’s Hospital and the 
Norman Bridge Pathological Laboratory of Rush Medical College of the 
University of Chicago. 
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nomas is usually small, and the nasopharynx is not the only site of 


origin. In fact, they occur more frequently at the base of the tongue, 
in the tonsil and larynx, but the metastases into the neck from such 
sites of origin are unilateral. Contrasting with the squamous cell carci- 
noma, the transitional cell tumors rapidly produce large metastases to 
the cervical lymph nodes and viscera, and they are markedly radiosensi- 
tive. The tissues never have mature squamous epithelial characteristics 
such as hornification, spines or pearl formation. According to Quick 
and Cutler, these carcinomas may arise from the transitional epithelium 
lining portions of the nasopharynx, ducts of mucous glands, or, as 
they state, by a reversion from metaplastic or anaplastic squamous 
epithelium. Finally, these growths are said to develop from misplaced 
embryonal tissues. 

Ewing ® concluded that the transitional cell carcinoma cannot be 
separated sharply from the so-called lympho-epithelioma. The latter 
tumor, he maintained, arises from a modified epithelium overlying 
lymphoid structures at the base of the tongue, in the nasopharynx and 
in the tonsils. Schmincke,® Ferreri,’ and others, however, stated that 
a lympho-epithelioma is a specific tumor and should not be confused 
with a transitional cell carcinoma. Beck and Guttman,’ and Cutler’ 
have published concise reviews of the literature relating to these two 
varieties of tumors. Clinically they cannot be differentiated from one 
another since both are extremely radiosensitive and both, as a rule, 
promptly produce extensive metastases. Schmincke stated that a 
lympho-epithelioma has a branchiogenic origin as has the normal 
lymphoid tissue, and that this tumor is distinctive in consisting of a 
syncytial reticulum infiltrated with lymphocytes both in its primary 
growth and in its metastases. Dietrich *° and Babés* stated that the 


5. Ewing, J.: Radiosensitive Epidermoid Carcinomas, Am. J. Roentgenol. 
21:313, 1929; Lymphoepithelioma of Nasopharynx, Am. J. Path. 5:99, 1929. 

6. Schmincke, A.: Ueber lymphoepitheliale Geschwilste, Beitr. z. path. Anat. 
u. z. allg. Path. 68:161, 1921. 
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8. Beck, J., and Guttman, R.: The Relation of the Histopathology of Naso- 
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349, 1932. 

9. Cutler, M.: Radiosensitive Intra-Oral Tumors, Arch. Surg. 18:2303 
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lymphocytes present even in the metastases are secondary infiltrations. 
Singer #* reported one tumor that resembled equally a small undifferenti- 
ated sarcoma and a lympho-epithelioma. He considered the latter tumor 
a special form of sarcoma and consequently of mesenchymal origin. 

In contrast to these two varieties of radiosensitive tumors briefly 
discussed, mention should be made of a group of tumors that clinically 
is characterized by a marked resistance to radium and which rarely 
produces generalized metastases. These are the squamous cell carci- 
nomas. A search has failed to demonstrate any report of a primary 
nasopharyngeal carcinoma having fully differentiated squamous epi- 
thelial cells. Several nasopharyngeal carcinomas without visceral metas- 
tases have also been described as epithelioma, papillary and glandular 
carcinoma, and as carcinoma simplex. 

Oppikofer,** Gatewood,’"* Citelli ** and Singer together have reported 
fourteen tumors with complete histologic descriptions. Of these tumors, 
five had a tendency to form stratified pavement epithelium, four glandular 
structures, one a papillary structure, and five were simply desig- 
nated as carcinoma simplex. In addition, Hansel *® studied ten carci- 
nomas and prepared a summary of their histologic characteristics. 
These growths were highly malignant, and their cells lacked differenti- 
ation. The tissue structure of Hansel’s tumors was remarkably like that 
described by other authors as transitional cell carcinoma. ‘The exact 
origin of these tumors, and whether the so-called transitional cell carci- 
noma is only its more immature and malignant form, is uncertain. 
Dietrich has proposed that a remnant of a hypophyseal stalk is the 
source of a few of these growths, that is, of those located in the midline. 
Rosenbusch ** stated that embryonal rests of the hypophyseal stalk 
consisting of nests of squamous epithelium have been found normally 
in all adults. Dietrich reported that these tumors are more often a 
variety of immature squamous epithelium, and conceivably such indif- 
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ferent tumors as the carcinoma simplex arise from an embryonal type 
of undifferentiated epithelial cells. These immature tumors in turn may 
differentiate into the other more mature varieties of carcinomas. Singer 
believed that the tumors arise from the stratified squamous and the 
pseudostratified columnar epithelium of the nasopharynx, and that the 
more differentiated, and hence the less malignant they are, the more 
they resemble these linings. The latter view seems the most plausible. 
The scanty differentiation of the epithelium in the carcinomas described 
as transitional cell carcinomas or lympho-epithelioma probably is only 
such as occurs in indifferent epithelium arising from squamous cell sur- 
faces. These immature squamous cell carcinomas probably would be 
more radiosensitive, more malignant, and cause earlier and more 
extensive metastases than the more mature variety. 

The rarity of nasopharyngeal carcinomas can be appreciated from 
the statistics of the Charité Hospital in Berlin where they constituted 
only 1.67 per cent of all carcinomas of the body. Singer in ten years 
found nasopharyngeal carcinomas in only two of 7,051 bodies. 

Grossly, there is nothing characteristic about the primary tumor 
whereby it can be classified into any special variety of carcinoma. It 
is usually small, often not more than 0.5 cm. in diameter. The surface 
may ulcerate and the growth is slow. New stated that the average 
duration of clinical symptoms is fourteen months, but this probably 
varies. Both sexes are affected equally, and the tumor may occur at 
any age. According to Gatewood, 60 per cent of the patients are between 
the ages of 40 and 60 years. The youngest patient was 1 year, 3 months 
of age. 

The clinical symptoms vary markedly, and the disease often remains 
unrecognized for some time. If the tumor extends laterally, as is often 
the case, the eustachian tube becomes involved and the subsequent symp- 
toms are referable to the ear. One of the first and most important 
symptoms is an insidious enlargement of the cervical lymph nodes 
because of tumor metastases. The patient usually notes the slow growth 
of a painless nodule in the parotid or carotid region on one side of the 
neck, and frequently several weeks or months later a similar growth on 
the opposite side. Many of these enlarged glands have been erroneously 
diagnosed as endotheliomas, even when tissues were excised for exam- 
ination, because a growth of the nasopharynx was not suspected or 
sufficient care was not exercised in examining the nasopharynx to dis- 
close the primary growth. When the tumor extends anteriorly, symp- 
toms of nasal obstruction or bleeding occur. The extensions may be 
into the sphenoid, ethmoid and frontal sinuses, and occasionally into 


18. New, G. B.: Syndrome of Malignant Tumors of the Nasopharynx, 
J. A. M. A. 79:10 (July 1) 1922. 
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the anterior cerebral fossa. Then, any or all of the second, third, 
fourth, second and third branches of the fifth and the sixth cranial 
nerves are involved, causing an enigma of symptoms unless the primary 
tumor is found. When the tumor extends down into the tissues of the 
pharynx and particularly when the tumor tissues compress the ninth, 
tenth, eleventh and the twelfth cranial nerves at their exit from the 
jugular foramen, Jackson’s syndrome, complete or partial, is present. 
Extension posteriorly is rare. If this occurs, the bones at the base of 
the skull are eroded, the brain is compressed and symptoms of a basal 
brain or pituitary tumor develop. The neurologic symptoms produced 
by these tumors were summarized concisely by Woltman.’® New, in 
reviewing the symptoms of seventy-nine patients with malignant tumors 
of the nasopharynx, mentioned that of these only thirty-eight had 
nasopharyngeal symptoms. He, therefore, emphasized the importance of 
nasopharyngeal examinations in patients having unexplained symptoms 
referable to the pituitary body or to the gasserian ganglions, symptoms 
of a brain tumor or glandular enlargements of the neck, and in those 
with a metastatic malignant tumor of the body where the primary focus 
is concealed. Even then, the primary nasopharyngeal growth may be 
too small or too deeply seated to be detected without special effort. 
Of interest in this connection is the circumstance that the first examina- 
tion of the nasopharynx in each of the three patients of our report failed 
to demonstrate the primary carcinoma, notwithstanding that the examin- 


ing physician knew of the bilateral enlargement of the cervical lymph 
nodes and that the pathologists considered the carcinoma tissues found 
in excised nodes secondary to a primary growth of the nasopharynx. 


REPORT OF CASES 


Case 1.—G. H., a white man, aged 36, entered St. Luke’s Hospital on Nov. 3, 
1931, with bilateral enlargement of the cervical lymph nodes for more than two 
years; persistent pain in the occipital region, cough and hemoptysis for three 
months, and a loss in weight of 17 pounds (7.7 Kg.) in five months. The swell- 
ing in the left cervical region was noticed shortly before that in the right. On 
arising in the morning, he expectorated a small amount of blood-tinged, yellow 
mucus. His tonsils had been removed many years before. At the age of 12 
years he injured his head while diving. Shortly thereafter he noticed a swelling 
in the left cervical region which persisted for one and a half years. At the angle 
of the jaw and extending upward on both sides of the neck were firm and fixed 
masses, about the size of a hen’s egg. No other lymph node enlargements were 
noted. There were no unusual elements in the urine. The blood pressure was 
140 systolic and 80 diastolic. The blood had 4,300,000 erythrocytes and 17,750 


19. Woltman, H. W.: Malignant Tumors of the Nasopharynx with Involve- 
ment of the Nervous System, Arch. Neurol. & Psychiat. 8:412 (Oct.) 1922; 
Involvement of the Nervous System in Malignant Disease of the Nasopharynx, 
M. Clin. North America 7:309, 1923. 
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leukocytes per cubic millimeter, of which 85 per cent were polymorphonuclear 
leukocytes, 10 per cent monocytes, 10 per cent lymphocytes and 2 per cent band 
cells. The hemoglobin was 80 per cent (Sahli). The temperature was 97.2 F., 
the pulse rate was 90, and the respirations were within usual limits. The 
roentgenologic examinations of the head, neck and thorax disclosed calcified tissues 
in the masses of the right side of the neck, a thickening of the lateral processes 
of the first and second cervical vertebrae, changes in the occipital bone posterior 
to the foramen magnum with new bone growth suggesting an inflammatory 
process rather than a malignant growth, and changes of the upper part of the right 
lung, but not those of recent pulmonary tuberculosis. The sinuses of the cranium 
were unchanged. A clinical diagnosis of bilateral tuberculosis of the cervical lymph 
glands was made. On Nov. 6, 1931, the enlarged right cervical lymph glands were 
removed, and an abscess in this region was drained. The patient made an unevent- 
ful recovery from the operation and was discharged within a few days. Dr. E. 
R. LeCount reported carcinoma metastases in these cervical lymph nodes, and the 
primary growth, he concluded, was probably in the nasopharynx. The primary 
nasopharyngeal carcinoma was demonstrated by Dr. M. Bryed Wilson. Death 
occurred on June 1, 1932, after a lingering illness. 

The body was examined at St. Luke’s Hospital at 9:00 a. m., on June 2, 1932, 
by Dr. Edwin F. Hirsch. The essentials of the anatomic diagnosis were: primary 
carcinoma of the posterior wall of the nasopharynx; carcinoma infiltration and 
erosion of the clivus and regional bones of the cranium; carcinoma compression of 
the pons and cerebellum; metastatic carcinoma of the right and leit upper deep 
cervical lymph nodes; carcinoma thrombosis of the left internal jugular vein and 
of some of its superior branches; marked necrosis and liquefaction (pseudo- 
abscess) of the metastatic tumor tissues of the neck; confluent bronchopneumonia 
of the right lung; acute exudative otitis media on the right side; hyperemia and 
edema of the right lung; cloudy swelling of the liver, kidneys, and myocardium, 
and marked emaciation. 

A mass about the size of a small hen’s egg beneath a healed surgically incised 
wound in the right mastoid and carotid regions involved the upper part of the 
sternomastoid muscle and extended to the base of the cranium. The upper portion 
of this mass contained an abscess from 4 to 5 cm. in diameter with about 20 cc. 
of a thin, gray, purulent fluid. The wall was gray-white, soft and friable tumor 
tissue. The right lower deep cervical lymph nodes behind the carotid sheath were 
1 cm. in diameter and consisted grossly of unchanged lymphoid tissue. The cor- 
responding left lymph nodes were 2 cm. in diameter and consisted of a firm, gray- 
white tumor tissue that extended into the region of the ear tissues behind the angle 
of the jaw. The tumor tissue also had penetrated the adjacent wall of the 
internal jugular vein and occluded 4 cm. of the lumen. The lumen of the upper 
portion of the left external jugular vein was filled with a firmly adherent, gray- 
white, finely trabeculated thrombus that extended 7 cm. 

A block of tissues was cut out of the base of the cranium (fig. 1), and the 
important portions and structures included were the clivus, sphenoid and ethmoid 
bones, nasal and postnasal spaces, hard and soft palate and the first and 
second cervical vertebrae. The postnasal space was narrowed by a finely 
nodular, firm and gray-white growth, 10 by 10 by 4 mm., prortuding from the 
posterior wall of the nasopharynx. The upper edge was about 1 cm. from the 
vault of the nasopharynx. It occupied the midline, but extended more to the right 
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than the left side and was covered with a glistening mucosa. The mucosa lining 
the remaining portions of the nasopharynx was smooth and glistening. Posteriorly, 
the growth had infiltrated extensively the body of the sphenoid bone, and it 
reached to the floor of the sella turcica. The basilar portion of the occipital bone 
and the bodies of the first and second cervical vertebrae were similarly ingrown 
by tumor tissue. The carcinoma had penetrated the dura of the clivus and had 
grown into an elevated mass of gray, granular tissue, 2 by 2.2 by 0.4 cm., to the 
right of the midline. This extended to within 3 mm. of the right internal 
auditory meatus and extended down 1.5 cm. on the lateral side of the spinal cord. 
Medially and to the left of this mass, the clivus was elevated 1 cm. and was 
covered with a smooth dura. There were no gross changes of the lining or deep 
tissues of the floor and roof of the nasal passages, hard and soft palate, nasal 
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Fig. 1 (case 1).—-Sketch of a sagittal view of the nasopharynx to illustrate 
the location of the primary carcinoma and the erosion of the clivus. 


septum, middle and superior turbinate bodies, uvula, or of the ethmoid, frontal, 
maxillary or sphenoid sinuses. 

Histologic Report—Right Cervical Lymph Gland Removed Surgically: Four 
pieces of tough, red, fibrous and lymphoid tissues ranged from 1.8 by 1.6 by 
1.2 cm. to 4 by 3 by 1.2 cm. One piece was a gritty calcified mass 2.5 by 2 by 1.2 
cm. Another piece also contained a firm fibrocaseous region 4 mm. in diameter. 
These tissues histologically had narrow and wide sinuous bands of dense 
hyalinized fibrous tissue ingrown about 40 per cent by branched cords and masses 
of epithelial cells laid down in mosaics (fig. 2). The cells varied considerably 
in size. Most of them were small, but many were large and undifferentiated. They 
had large round and oval vesicular nuclei surrounded by a small amount of 
basophilic cytoplasm. Many large cells were in mitosis. These tumor cells had no 
tendency to assume a definite arrangement. There was no hornification of the 











Fig. 2.—Photomicrograph illustrating the carcinoma metastases in the right 
cervical lymph nodes. These tissues were removed surgically with the diagnosis 
of tuberculosis, and the histologic examinations gave the first intimation of a 
primary carcinoma of the nasopharynx. Reduced from a magnification of 252. 





Fig. 3.—Photomicrograph of the carcinoma tissues metastatic in the left 
cervical lymph nodes. These tissues were obtained during the postmortem 
examination. Reduced from a magnification of « 252. 





CHRISTIANSON-McARTHUR—NASOPHARYNGEAL CANCER 1117 


cells or so-called “epithelial pearls.” Focally, in the fibrous tissues were chronic 
inflammatory changes. Only small masses of lymphoid tissue remained. 

During the postmortem examination, tissues were taken from the tumor mass 
in the left side of the neck for microscopic examination. These tissues had 
essentially the same structure as those in the right cervical gland, except that there 
were fewer large cells and only occasional cells in mitosis (fig. 3). These 
carcinoma cells also had no orderly arrangement except in a few places where they 
tended to be in stratified layers of varying width. At the base, the cells and their 
nuclei were elongated like those of columnar epithelium; they were more polyhedral 
near the surface, not unlike the structure of stratified squamous epithelium. 
Focally, there were regions of chronic inflammation and necrosis of the fibrous 
tissue. The histologic structure of the primary growth was essentially the same. 
The left cervical lymph nodes and tissues from the wall of the abscess of the cervical 
spine and from the thrombosed left external jugular vein were invaded by similar 
carcinoma tissues. The cells, however, were arranged even more orderly and had 
a closer resemblance to stratified squamous epithelium. There was no necrosis in 
these metastases. 


Case 2.—A white man, aged 21, entered the service of Dr. N. C. Gilbert, 
St. Luke’s Hospital, on March 6, 1928, because of a painless swelling on both sides 
of the neck for one and a half years. The swelling on the left side was noticed 
several weeks after that on the right. There were no other complaints. The con- 
dition had been diagnosed Hodgkin’s disease, and the patient had received several 
roentgen treatments. These reduced the size of the masses considerably. The 
only essentials revealed by the physical examination was a firm, fixed mass and a 
few hard discrete nodules just below the mandible on both sides of the neck. An 
examination of the nasopharynx at this time demonstrated no abnormalities. 
Portions of the masses on both sides of the neck were excised for diagnosis. 
The histologic examination demonstrated lymphoid tissue extensively ingrown by 
compact masses of small epithelial cells. The appearance and arrangement of the 
cells suggested that the primary growth was in the nasopharynx. They did not 
assume the structure of stratified squamous epithelium, and there was no hornifica- 
tion. Following this, Dr. J. Gordon Wilson examined the nasopharynx and found 
a small carcinoma in the vault. Histologic examination of the tissues which he 
removed demonstrated lymphoid tissue extensively invaded by small epithelial cells. 
The infiltrated cells were in intimate relation with the lymphoid tissue reticulum 
and lymphocytes, a tissue structure corresponding to descriptions of a lympho- 
epithelioma. 


Case 3—A white woman, aged 20, entered the service of Dr. R. B. Preble, 
St. Luke’s Hospital, on Feb. 2, 1931, complaining of pain in the right ear and 
right side of the face, vertigo and right frontal headaches for five months, and 
painless bilateral enlargement of the cervical lymph nodes for three weeks. 
Nothing of importance was found on physical examination, except bilaterally 
enlarged, painless, discrete, and somewhat fixed superior cervical lymph glands. 
Roentgen examinations of the cranial sinuses demonstrated obliteration of the right 
anterior ethmoid and right maxillary sinuses. No abnormalities were found in 
the nasopharynx. Hodgkin’s disease was considered the most probable diagnosis, 
but for confirmation a right cervical lymph node was excised. This contained 
metastatic carcinoma considered secondary to a primary growth of the naso- 





Fig. 4 (case 3).—Photomicrograph illustrating the carcinoma tissues metastatic 
in a cervical lymph node. The intimate spread of the carcinoma cells into the 
lymph node is noteworthy. Reduced from a magnification of * 252. 


Fig. 5 (case 3).—Photomicrograph of the primary nasopharyngeal carcinoma. 
Masses of small cells have grown in intimate relation with the lymphoid tissues. 
The purple quality of the tumor cells in hematoxylin stained preparations contrasts 
them with the invaded tissues; 252. 
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pharynx. The lymphoid tissue was markedly ingrown by masses of small 
epithelial cells with essentially the structure and arrangement of those in the lymph 
nodes of the second tumor discussed (fig. 4). Dr. J. Gordon Wilson found a cone- 
shaped carcinoma in the midline of the vault of the posterior nasopharynx. 
Tissues which he removed contained carcinoma. These had along one edge a 
regular and narrow squamous epithelial lining. Beneath this was lymphoid and 
fibrous tissue ingrown by narrow cords and masses of small epithelial cells 
(fig. 5). They were essentially the same as in the metastases of the cervical lymph 
glands; they had assumed no definite structure, but were strikingly similar in size 
and structure to the cells in the basal layer of the lining squamous epithelium. 


SUMMARY 

Three primary nasopharyngeal carcinomas with metastases of the 
cervical lymph nodes are described grossly and histologically. The diag- 
nosis for each patient was made clinically by examination of surgically 
excised tissues, and the body of one was examined post mortem. His- 
tologically, all the tumors resembled immature squamous or pseudo- 
stratified epithelium, but in one the cells tended markedly to assume the 
arrangement and structure of squamous epithelium. 

An essential clinical feature of these tumors was an insidious and 
painless bilateral enlargement of the cervical lymph nodes, due to metas- 
tases. The bilateral distribution of the metastases resulted from the 
midline location of the primary growth and the tumor tissue dissemi- 
nation into the lymphatics on both sides of the neck. 


Slight variations in cellular structure occur in these carcinomas, but 
within the limits of the cell varieties of the pseudostratified epithelium 
lining the nasopharynx. 
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A review of the literature on the physiology of the large intestine 
and our own experience indicate that this organ is valuable, although 
not indispensable to the human economy. One of its interesting func- 
tions is the secretion of mucus. In a previous paper, the work of Hay, 
Luciani, Voit, Carpenter and Goldsworthy and Florey? has been 
mentioned. In an excellent review, along with some work of his own, 
Heupke * summarized the present knowledge of the secretion and excre- 
tion of the colon. Using a Thiry-Vella type of fistula in a dog, he 
found the quantity of secretion from the colon to be rather small; this 
was not due to resorption of the secreted fluid, because by invagination 
of the isolated portion in a certain way the material could drop off as 
it formed. No difference in amount was noted from that ordinarily 
obtained by irrigating the segment. He found many bacteria in the 
secretions, even after daily irrigations of the segments for months; so 
he concluded that no bactericidal capacity was present. The reaction 
of the secretion was alkaline, with a pq between 7.5 and 8.4, and it did 
not change materially following intravenous injection of acids; so that 
he came to the conclusion that the colon does not function as a regulative 
organ for the acid-base metabolism of the body, as Leffler has suggested. 


From the Division of Medicine, the Mayo Clinic. 
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METHOD OF INVESTIGATION 


In order to determine, if possible, whether any or all of the various cathartic 
drugs, when given by mouth, would exert action in an indirect manner, for example, 
through the blood stream, on the muscle fibers or the nerve endings, we shunted 
the fecal current around the colons of a number of dogs, by means of the following 
operation in two stages. The first stage has been described by Mann. Briefly, it 
was as follows: With aseptic technic and under ether anesthesia, the ileum was 
sectioned about 6 cm. proximal to its juncture with the cecum, and in most cases 
from 7 to 10 cm. of ileum proximal to this point was resected in order to remove 
a portion the blood supply of which tends to be inadequate. The cut end of the 
distal portion of ileum, usually 5 or 6 cm. in length, was turned in to make a blind 
end, and the proximal end was left clamped in readiness for anastomosis. The 
colon was then sectioned close to the rectum, and its proximal end was turned in 
and replaced in the abdomen. End-to-end anastomosis was then completed between 
the proximal end of the ileum and the distal portion of the colon, thus reestab- 
lishing continuity of the intestinal tract. Through a stab wound in the right lower 
portion of the abdominal wall, the cecum was brought to the outside, and the main 
abdominal wound was closed in the usual manner. Twenty-four hours later a 
cecal stoma was opened through the turned in distal end of the ileum, and a small 
catheter inserted, a few cubic centimeters of warm saline solution being used to 
irrigate the proximal portion of the segment. 

When the abdominal wound was well healed, usually in from two to three 
weeks, the second stage was effected by opening the abdomen and bringing the 
proximal, turned in end of the colon to the outside, and opening it twenty-four 
hours later, similar to the manner in which the cecum was opened. This left the 
colon isolated in the abdomen, with the cecum opening to the outside as a fistula 
on the right, and the colon, near the point where it was sectioned, as a fistula on 
the left. After healing was complete, a no. 14 or 16 French catheter could easily 
be passed completely through the segment. The blood and nerve supply, as well 
as all layers of the bowel, were thus left intact. However, one may question 
whether the pelvic nerve or the nervi erigentes reached the isolated portion of 
colon. Since, for these experiments, the rectum was sectioned close to the anus, 
it may be possible that in some instances the motor nerves were interrupted. How- 
ever, the responses were similar in all experiments, and, furthermore, the normal 
movements of the intestines imitated closely those of normal large intestines not 
operated on, as noted by other observers. In one dog, prolapse of from 8 to 10 cm. 
of colon and ileum took place through the rectum, so that laparotomy and fixation 
of the bowel were necessary. To avoid this in subsequent operations, instead of 
the end-to-end anastomosis of ileum to colon, the side-to-side type was done. The 
latter type of operation seemed, also, to be more free of complications, especially 
since it gave the advantage of an adequate supply of blood to the line of anastomosis, 
resulting in less danger of leakage and peritonitis and also of obstruction after 
operation due to swelling and edema at the lines of suture. 

By the oral administration of cathartics, it was determined whether activity took 
place in the segment of colon that was isolated from the fecal stream. This was 
studied first from the standpoint of the amount of secretion obtained from the 
colonic segment by hourly washings with tap water. 

Preliminary to the experiments, a no. 14 French soft rubber catheter was 
inserted through the isolated segment, from the stoma on the right side toward the 
left (cecum to rectum), and two or three holes were made in the catheter, so 
that when an irrigating solution was run through it, all portions of the colon 
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were washed. The ends of the tube were tied together, and the catheter was thus 
kept in place for from seven to ten days before experiments were carried out; the 
catheter was allowed to remain in place indefinitely. Immediately after insertion 
of the catheter large amounts of mucus were secreted, but the amount decreased 
to the average in from twenty-four to forty-eight hours. Most of the mucus 
appeared at the distal stoma, although occasionally small globules were present at 
the cecal opening. 

All factors concerned in the experiments were kept as constant as possible. 
The dogs were made to fast for about twenty hours beforehand, and no food or 
water was given during the experiment. They were kept on tables most of the time, 
but were allowed to be up and about, under observation, for ten minutes every 
two hours. Tap water at body temperature was used to wash the segment. The 
first washing after beginning the experiment was discarded, for it represented the 
secretion accumulated over varying periods of time, and when the dogs were left 
for several weeks with no tubes in the segment, as occurred between the time of 
the second operations and the running of the experiments, enough mucus would be 
formed to fill the cavity of the segment completely. This, however, could be 
easily washed out. The cathartic drug was administered either by stomach tube, 
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Fig. 1—Representative amounts of mucus obtained from an isolated segment of 
colon. In each of the graphs, defecation occurred but once and was concomitant 
with the peak of each curve, except in the experiments with senna, in which 
defecation took place three times, owing to a large dose of the drug. 


50 cc. of warm water being used as a solvent, or by a 10 cc. gelatin capsule given 
orally. Whatever the method, the dog received the cathartic immediately after 
the isolated segment was first washed out. Washings were then made at hourly 
intervals for eight or nine hours with 50 cc. of water, which was run through 
the segment three times. Care was taken not to stimulate the colon, either 
through distention by the fluid washed through it, or by moving the rubber tube 
any more than was necessary. Outside influences, such as noise and excitement, 
were kept at a minimum. 

Control experiments were carried out in an identical manner. Either a stomach 
tube was passed and 50 cc. of water given, or an empty gelatin capsule was 
administered. 

The washings were saved in 50 cc. containers, and these were centrifugated at 
the same speed for five minutes. The supernatant fluid in each container was 
then poured off, and the remainder was transferred to 15 cc. centrifuge tubes 
graduated to 0.1 cc. and again centrifugated, all at the same speed, for five minutes. 
The height in cubic centimeters of colonic secretion was then read, and the results 
were plotted in the accompanying chart (fig. 1). The dosage of the cathartic 
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drug was proportional to the weight of the dog, and in most cases was just enough 
to produce only one or two semiliquid stools within two or three hours. No one 
animal was purged more than three times a week. Drastic effects from the 
cathartics were avoided. If the animal showed signs of discomfort on the table 
before the two hours were over, he was allowed to be up and to defecate if 
necessary, although care was taken not to permit escape of mucus through either 
stoma at any time. Naturally, defecation took place more rapidly than normally 
because of the absence of practically the entire length of the colon, so that its 
functions of condensing and acting as a reservoir were lost. Observation on the 
time of action of the cathartics was thus of little value. 


NORMAL AMOUNT OF SECRETION AND FACTORS INFLUENCING IT 


In the control experiments, it was noticed that the level of secretion 
from the isolated colon of a dog that was lying quietly for several 
hours at a time was fairly constant, and tended to be less, the more 
quiet the animal remained. During sleep the level of secretion seemed 
to be at its lowest, although at no time did the stoma become dry. 
Following movement of the bowels without a purgative, an increased 
amount of secretion appeared at the opening on the left side in from 
ten to fifteen minutes, rarely before. It continued to exude from this 
opening for about an hour or slightly longer, but was never seen in large 
globules such as were seen immediately after defecation. 

Similar studies were carried out on one animal which became 
pregnant. Prior to impregnation, the base line of colonic secretion was 
at a point seemingly lower than it was during gestation; also the rise in 
amount of secretion during defecation was higher, whether or not this 
was due to catharsis. Whether this rise is due to an increased vascu- 
larity of the pelvic organs, to the irritation and pressure of an enlarged 
uterus or to other factors is impossible to say. 

During an attack of mild diarrhea of unknown origin in one dog, 
there was also a definite increase in the amount of mucus secreted 
from the isolated portion of colon. Likewise, when in the course of 
the diarrhea defecation was induced by catharsis, the rise in the amount 
of secretion was considerably increased over the normal rise during 
the naturally induced defecation that accompanied the diarrhea. If the 
etiology of this attack of diarrhea could have been determined, much 
might have been learned concerning the overactivity of the isolated 
segment of bowel during this period. Grossly, the color of the stomas 
was normal, as was easily seen in a small, everted portion on the left 
side. However, at regular intervals blanching and reddening of the 
stump, along with tonic contractions in rings, could be seen during 


the attack of diarrhea; such phenomena were never noticed at any 
other time. 
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EVIDENCES OF ACTION IN THE ISOLATED COLON FOLLOWING ORAL 
ADMINISTRATION OF CATHARTICS 


There seemed to be little difference in the subsequent results, whether 
the cathartic drug was given by stomach tube in 50 cc. of water, or 
whether it was given by capsule in the dry state, undiluted with water. 

Accompanying catharsis induced by drugs such as senna, rhubarb 
and phenolsulphonphthalein, there was a marked rise in the level of 
secretion obtained from the isolated segment. No substantial increase 
in the amount of mucus took place in the segment until defecation 
occurred, but when the increase took place it was different from that 
accompanying control experiments. 

Castor oil produced the most sustained consistent rise in secretion 
of any of the cathartics. The increased amount of secretion may pos- 
sibly be due to marked activity produced in the small bowel by the oil; 
yet the dogs in this experiment seemed no more uncomfortable than 
when given other cathartics. Likewise, defecation took place no earlier 
than with other drugs. It would seem likely that the ricinoleates formed 
may be absorbed, and possibly some were excreted into the isolated seg- 
ment of colon; this may explain the tendency for an increased secretion 
of mucus over a longer period. 

Colocynth was selected from the irritant drugs because considerable 
work has been done on its mode of action. Also, if any absorption of 
this drug should take place, it would be likely to be manifested by an 
increase in activity of the isolated portion of bowel, as regards both 
movements and secretory function. Small doses were used, and in two 
of three dogs a well sustained rise in secretion from the isolated seg- 
ment was noted. A large quantity of mucus was present in the stools, 
which is evidence of the irritative action of the drug. Whether the 
increased secretion from the colonic segment was due to general dis- 
comfort or restlessness, to activity in the small bowel or to absorption 
and secretion into the isolated bowel is problematic. 

The salines produced effects similar to those in control experiments, 
and, so far as could be determined, enemas of 200 cc. of tap water gave 
results in no way remarkable. 


COMMENT 


In this series of experiments, measurements of action in the isolated 
segment of colon were based on the amount of secretion which, under 
various conditions, could be washed out of the segment. The secretion 
is no doubt composed largely of mucus, but may contain other sub- 
stances excreted by this route, as evidenced by the studies of Bargen, 
Osterberg and Mann.* The fact that most of the secretion appeared 


4. Bargen, J. A.; Osterberg, A. E., and Mann, F. C.: Absorption and 
Excretion of Arsenic, Bismuth and Mercury: Experimental Work on the Colon, 
Am. J. Physiol. 89:640 (Aug.) 1929. 
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at the stoma on the left side can be attributed to peristaltic activity in 
the segment. However, since the function of the distal part of the 
colon is that of contraction for the purpose of evacuation of the bowel, 
one would expect more mucus to be secreted in that segment of the 
bowel. 

Secretions from this isolated segment of colon may be comparable 
to meconium, because after remaining in the bowel for a considerable 
time the content became dark and of a putty-like consistence. How- 
ever, it never became black or pitchy unless exposed to air. Between 
the time of the final operation and the time when the catheter was 
inserted through the isolated portion semipermanently, it was found 
that enough secretion had accumulated to fill the lumen completely. 
It usually was firm enough in consistence so that it could be washed 
out en masse. Several of these masses were hardened in formaldehyde, 


Fig. 2.—Cast of an isolated segment of colon, composed of solidified mucus. It 
filled the entire lumen and was extracted with considerable difficulty. 


and seemed to represent an accurate cast of the isolated segment of 
bowel (fig. 2). Hurst explained this as coagulation of the mucus, 
owing to the presence of mucinase, which is secreted by the mucosa of 
the intestine. 

Luciani claimed that most of the nitrogen excreted in the feces 
originated in the intestinal secretions together with cellular débris from 
the wall of the bowel, and our observations seem to bear out this con- 
tention. Several determinations of the total nitrogen content of the 
secretion from this isolated segment of colon were made by the Kjeldahl 
method, and were found to be rather high, varying from 7 to 12 per 
cent for each specimen, depending on the amount of mucus present, 
tending to show that a certain amount of nitrogen is excreted in this 
manner. It may be noted that in so-called mucous colitis, when large 
quantities of mucus are eliminated, the loss of nitrogen to the body 
may be enough to contribute to the low resistance of the subject. 
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It is possible that the increase in intra-abdominal pressure during 
defecation may mechanically force to the outside the mucus already 
present in the segment, yet this factor does not seem to account for the 
entire volume of secretion produced. If the mucus expelled were that 
already present in the segment before defecation, one would think that 
it would appear immediately after defecation instead of ten or fifteen 
minutes later, and also that it would be present only transitorily instead 
of for an hour or longer. However, it is no doubt true that the move- 
ments taking place within the isolated segment of bowel aid in the 
expulsion of the content. 

Attempts were made to interrupt the act of defecation just before 
the stool was passed, and they were successful in several instances. 
In each case it was found that the rise in the amount of secretion was 
only slightly above normal and did not reach the height produced by 
actual defecation. Furthermore, after vomiting no definite increase 
could be ascertained, and in a few cases in which several defecations 
took place in rapid succession following the administration of a drug, 
the rise was higher than could be accounted for by simple mechanical 
pressure exerted the same number of times. Again, in a number of 
instances, depression of the curve below the normal level took place 
immediately after the height was reached following defecation (fig. 1), 
and this at first thought might be taken as evidence that mechanical 
pressure from straining forced most of the secretion from the segment, 
leaving behind a smaller amount than usual. However, if this were 
the case, it seems more logical that the depression would occur more 
uniformly than it did, and that it would be greater and would last con- 
siderably longer. 

One animal, with prolapse of 8 cm. of the distal part of the colon 
through the stoma on the left side, offered an excellent opportunity to 
visualize the amount of secretion at various times. During the time 
the animal lay quiet on the table, the prolapsed portion of the colon was 
constantly covered with approximately the same amount of secretion. 
However, at the time of, and immediately following, defecation definite 
beads of mucus appeared on this surface, and they could be collected 
in considerable amounts. Furthermore, when this dog was placed on 
the table following defecation, a watery, thin, freshly secreted type of 
mucus ran down the edges of the prolapsed bowel, and in time was 
replaced by the thicker, tenacious type of secretion. 

Finally, as a means of further observation, exteriorization of a 
segment of colon was effected, in a manner similar to that employed 
by Drury, Florey and Florey.° With the usual aseptic technic and 
with the animal under ether anesthesia, the large intestine was with- 


5. Drury, A. N.; Florey, H., and Florey, M. E.: The Vascular Reactions of 
the Colonic Mucosa of the Dog to Fright, J. Physiol. 68:173 (Oct.) 1929. 
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drawn through a laparotomy wound, and 2 cm. was resected, leaving 
the mesentery of this segment intact. End-to-end anastomosis of the 
colon was then effected, the resected portion was brought to the outside 
through a stab wound, and the abdomen was closed. The exteriorized 
bowel was then opened longitudinally, and the edges were turned 
and sutured, with the mucosa outward, into an oval area from which 
the skin had been removed. After healing was complete the secretions 
could be observed in this segment of colon, in the absence of the factor 
of changes in intra-abdominal pressure. It was noted that this patch 
was always covered with a layer of mucus, and that it showed changes in 
color such as Drury, Florey and Florey have described. However, on 
examining the patch for a long time, both before and after defecation, 
and by carefully absorbing any excess mucus formed with a soft piece 
of gauze, it was definitely seen that there was an increase at the time 
of and following evacuation of the bowel. This was not apparent 
immediately as large globules, but was a slow, gradual process, taking 
place for a period of from ten to fifteen minutes or longer. These 
observations would tend to show that there is an increased secretion of 
mucus during the act of defecation, independent of mechanical pressure 
exerted by the abdominal musculature. 

The function of the mucus secreted at the time of defecation is 
obviously that of a lubricant to the feces. There is also the probability 
that, under normal conditions, the mucus-producing goblet cells react 
directly to the mechanical, or possibly chemical, stimulation of the 
content of the bowel, so that a nervous reflex is not necessary in the 
production of the mucus. However, the increased products of mucus 
present in the isolated, reversed and implanted segment of colon at 
the time of defecation cannot be explained by a mechanical stimulus 
within its lumen. Two possibilities present themselves. The first and 
most likely is that a nervous reflex involves the musculature of the 
wall of the bowel, throwing it into contraction at the time of defecation 
and resulting secondarily in stimulation of secretion of its goblet cells. 
This possibility can be supported on the basis of the histologic structure 
of the glands of the mucosa. A less likely explanation is that a nervous 
reflex involves the secretory cells themselves. Florey and others have 
demonstrated beyond a reasonable doubt that no nerve fibers reach 
these particular cells, so that this possibility receives little support. 
Furthermore, the mechanical protection of a viscous layer of mucus 
over the lining of the bowel is an efficient agent to prevent pene- 
tration by bacteria. Also, the more irritating the content of the bowel, 
the more mucus is povred out, and, consequently, the greater are the 
chances of protecting the lining of the bowel by the secretion. 
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Mucus may have some function as a regulator of absorption. In 
other words, on the right side of the large intestine fluids are con- 
tinuously being absorbed, and to aid in this process there should be as 
little mechanical barrier, such as a layer of secretion, as possible. It 
may be that if persons secrete large amounts of mucus, the excess 
contributes to the looseness of the stools. 


POSSIBLE SOURCES OF ERROR IN OUR EXPERIMENTS 

1. The objection might be made that functional disuse of the isolated 
portion of colon is accompanied by atrophy or degeneration of its 
tissues, which might impair its motor or secretory function. However, 
this does not seem likely. No specimens were taken for biopsy, yet 


all layers, as well as the blood and the nerve supply, were apparently 


intact, and there is no reason to believe that any change from the 
normal took place. It is true that practically all of the colon was out 
of the fecal stream, and its condensing and reservoir action was lost, 
resulting in a greater fluidity of the stool and more frequent defecation, 
as well as less complete absorption of water and possibly of some 
foods. Furthermore, the normal stimulus to the colon exerted by the 
presence of fecal matter was absent, and the amount of secretion may 
not have been similar to that obtained under normal circumstances. 
However, with the control experiments for comparison, these objec- 
tions are apparently not serious. 

2. It might be objected that washing the mucus from the isolated 
portion with a nonsolvent material such as water does not clean the 
segment completely, owing to the tenacity and adherence of the mucus 
to the intestinal wall. However, after many trials it was found that 
when the water was run through the segment three times, only small 
shreds could be obtained in subsequent immediate washings, so that 
this source of error would be small and would be the same approximately 
for each experiment. 

3. If mucus is allowed to be exposed to the drying and shrinking 
effect of air, its volume conceivably might become markedly reduced, 
so that in a volumetric determination such as that used here the results 
would not be accurate. This objection was avoided by removing any 
accumulation of mucus which appeared on the outside between washings 
into a test tube containing a few cubic centimeters of water. From 
this standpoint, determination of the total nitrogen in a specimen by 
the Kjeldahl method might have been more accurate; however, the 
limits of experimental error were not so closely defined as to make this 
procedure necessary. 
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CONCLUSIONS FROM EXPERIMENTS 


1. The colon constantly secretes a certain amount of mucus which 
at the time of defecation seems to be increased, and this is in harmony 
with the anatomic and histologic structure of the colon. The function 
of mucus is that of a lubricant to the feces. It acts as a protecting 
agent to the lining of the wall of the bowel. It has no appreciable 
digestive power. 

2. Cathartics given orally and enemas given by rectum did not 
seem to affect the amount or the rate of secretion in a loop of colon 
that was isolated from the fecal current until defecation took place. 

3. During defecation, whether this was due to cathartics or enemas, 
or whether it was spontaneous, a visible and actual increase in secretion 
of mucus took place in the isolated segment of large bowel. It did 
not seem to be due to expulsion of the mucus from this portion by 
intra-abdominal pressure alone. The production of this increased amount 
of mucus seemed to be due to the increase of various types of move- 
ments of the wall of the colon itself, concomitant with the process of 
defecation, and these movements seemed to act on the goblet cells in such 
a manner that mucus was mechanically expelled. There is no evidence 
that a separate nervous reflex is involved in this secretion. 

4. Purgative drugs with drastic action, such as colocynth and castor 
oil, produced an amount of secretion which was definitely higher at 
the time of defecation and was prolonged for a greater length of time 
afterward than any of the other cathartics. This was attributed to the 
high degree of irritability of the isolated segment of colon, with its 
consequent long-continued motor activity resulting from the use of 
these drugs. 

5. Two factors which seemed to raise the normal level of secretion 
were attacks of diarrhea of indeterminate etiology and pregnancy. Like- 
wise, the rise in the amount of secretion in the presence of these con- 
ditions, induced by defecation from catharsis, was greater than the 
usual increase when the dog was in a normal state. 

6. By isolating the colon from the fecal current and by exterioriza- 
tion of portions of the large intestine, questions of secretion, absorption, 
excretion and resorption in the colon of drugs, metals, salts, dyes and 
the like could be fairly definitely worked out. 
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In a previous report * experiments relating to the secretory activity 
of an isolated segment of the dog’s colon were considered. This study 
concerns the motor activity of the isolated colon under the influence of 
a similar series of drugs. 


The movements of the proximal portion of the colon in most ani- 


mals are both peristaltic and antiperistaltic, and although in man those of 
the latter type have not been definitely identified, there seems to be no 
doubt of their presence. Other movements take place here, such as 
segmentation, serial sectioning, haustral changes, propulsive peristalsis 
and possibly mass movements, so that the total effect is a thorough 
mixing, kneading and churning of the content, resulting in conditions 
facilitating absorption. 


METHOD OF INVESTIGATION 


In this study dogs were used, and although it is true, as many observers have 
stated, that the colon of the dog is distinctly of the type found in carnivorous 
animals and that it has little or no right segment, possessing movements mainly 
repressed by those of the distal portion, yet there is the advantage of size and 
adaptability to experimentation with this animal and there is enough similarity to 
the colon of man so that results should be fairly conclusive. Likewise, no other 
laboratory animal can be so easily trained or so satisfactorily operated on as the 
dog. Furthermore, although the cecum of this animal is very short, it was possible 
in the experiments which we shall describe to place the balloon in this segment of 
the isolated organ, thus obtaining records which, at least partially, are comparable 
with those of animals which have a colon the proximal part of which is long and 
capacious. What survives of the colon is really the distal portion, the whole 
length of which can take part in contractile movements, having for their purpose 
complete evacuation. 


From the Division of Medicine, the Mayo Clinic. 
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1. Larson, L. M., and Bargen, J. A.: Action of Cathartics on Isolated Dog’s 


Colon: I. Secretory Activity, Arch. Surg., this issue, p. 1120. 
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The colon was isolated in a manner identical with that described in the study 
on secretions. Kymographic tracings were made of the movements taking place 
in this isolated segment of the colon, by the use of small balloons connected with 
a water manometer system. Prior to insertion of these balloons, a large, no. 24 
French, soft rubber catheter was inserted through the segment and was allowed 
to remain there for several weeks before the experiments were started, and likewise 
between experiments this catheter was kept in place in the isolated segment. 
Because the rubber tube was approximately the same size as the balloon system 
used, it had an effect similar to that of the distending force being constantly present, 
thus accustoming the colonic segment to this type of foreign body and tending to 
make its movements on balloons as nearly normal as possible. To correlate 
activities in the distal and proximal portions of the large intestine, a set of three 
balloons was used: one in the most distal segment, another in the most proximal 
segment and a third midway between the other two. 


Female dogs were selected for use, mainly because they are much more easily 
trained to lie quietly for long periods than are males. In some instances, con- 
tinuous recordings were made over a period of from eight to ten hours, so that 
the capacity of an animal to be trained was a factor of importance. After the 
lapse of a few weeks the animal would defecate on a specially prepared table 
without disturbing the recording apparatus and without moving about, so that 
tracings were obtained before, during and after the act under normal or nearly 
normal conditions. Similarly, keeping the large catheter in place before and 
between experiments aided in accustoming the bowel to the balloons and reduced 
to a minimum any tendency to abnormal reactions. Another factor of distinct 
advantage in this preparation, which made for the maintenance of normal conditions, 
was the accessibility of the segment without previous cleansing or irrigations such 
as would be necessary in using the colon through which the fecal current was 
passing. Preliminary manipulation was found to have a definite influence in the 
stimulation of movements, as could easily be demonstrated in the isolated segment 
ot the colon by irrigations prior to experimentation. 


FINDINGS AND RESULTS IN THIS SERIES OF EXPERIMENTS 


In recording movements in the isolated segment of the large intes- 
tine, care was taken that the balloons each time should be in precisely 


the same place. This was especially important regarding the proximal 
portion, where the cecum is extremely short so that with only small 
displacements the balloon might be pushed through into the colon beyond 
and what little cecum the dog has would not be utilized. The contrac- 
tions in the cecal segment were found to be considerably different in 
character from those of the other portions of the large intestine from 
which records were made. 


Types of Movements—Movements in the proximal, or cecal, seg- 
ment of the colon can be divided into three types, as illustrated in the 
accompanying tracings. First are the large tonic waves, variable ir 
amplitude and duration, but ordinarily appearing from six to eight 
times an hour and lasting for about five minutes. These could be 
elicited at any time by sufficient distention (overdistention) of the 
cecal balloon (fig. 1), when they appeared in most rapid succession 
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and reached the highest level. These large tonic waves frequently 


slowed down during sleeping or after fasting, but as a rule they were 
remarkably regular and even and were little influenced by outside fac- 
tors. Surmounting the large tonic waves was a smaller, similar type 
of movement, designated as small tonic waves. These represented a 
more rapid type of movement, with a rate of from five to six in four 
minutes, and comparable in time, contour and duration to motions in 
the distal segment. This type of wave was well illustrated in the 
experiments with mild mercurous chloride and senna, in which con- 
siderable stimulation of movements took place. Superimposed on the 
small tonic waves were short, rapid contractions, appearing from eight 


Fig. 1.—Tonic waves of the cecum and normal quiescence of the middle and 
distal parts of the colon. 


to ten times a minute. These movements were almost always present, 
were markedly uniform in amplitude and duration and apparently were 
seldom transmitted to the distal parts. Even with marked stimulation 
of the cecum, in which high tonic waves were elicited, no activity of 
consequence could be initiated in the distal portions of the segment. 
These small contractions, in fact, seemed to be the only movements that 
were normally present in the colon, except during the act of defecation, 
when the entire organ participated in evacuating its content. These 
small contractions may be concerned in the mixing and churning func- 
tion of the cecum, and may or may not be antiperistaltic. This point 
is considered elsewhere in this paper. 
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Activity transmitted by the middle and distal balloons was dis- 
tinctly similar in character and to a certain degree was classifiable as 
in the proximal or cecal segment. In this series of experiments it was 
noted that the distal portion of the colon was normally almost com- 
pletely quiescent (fig. 1); only small, almost unnoticeable movements 
were present, and these were similar, as transmitted by the two distal 
balloons. Activity resembling that recorded by other authors took place 
only after stimulation, such as overdistention of that region, various 
reflexes and defecations. Overdistention of the segment of bowel by 
slightly raising the pressure within the distal balloons resulted in a 
stimulation of movements. These movements continued to a variable 
extent, depending on the strength of the stimulus, but the greater the 
stimulus, as a rule, the more irregular the movements. Activity of 


Fig. 2—Activity following the administration of syrup of rhubarb. It con- 
tinued for slightly longer than the normal time (i. e., from twenty to thirty 
minutes elapsed before the middle and distal portions returned to normal). 


the proximal part of the colon extended into the distal part only at 
rare intervals, and then it could be progressively followed through the 
middle part to the distal part, with a definite delay before reaching the 
latter. The delay was not present so much during normal processes 
as it was after catharsis such as that caused by colocynth and syrup of 
rhubarb (fig. 2). After defecation a definite delay could be noted in 
the anally directed movement. No such delay could be demonstrated in 
waves going in an opposite direction; in other words, orally directed 
or antiperistaltic movements could not be definitely proved to be present. 
Changes in tonus in the distal segments, unlike those in the proximal 
segments, were less frequently seen and were less pronounced, although 
they appeared fairly constantly after stimulation of this region. 
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The principal movements in the distal parts of the isolated segment 
of the colon were rather high tonic contractions, coming at a rate of 
from five to six in four minutes, but not necessarily related to or 
timed with the waves of a similar type in the proximal segment. These 
were more frequently transmitted from the middle balloon than from 
the more distal one; in the more proximal region they were initiated 
with greater ease and continued a little longer after they were started 
than in the distal region. From this it would seem that the irritability, 
or the gradient, is higher more proximally in the colon. It was also 
noticed that large changes in tonus in the middle and distal segments 
seemed to represent a higher degree of irritability than the small changes 
in tonus alone, for the distal balloon never became quiet until all large 
tonic waves had disappeared for some time from the middle segment. 
This seemed especially true when stimulation of movements had been 
induced by catharsis. As in the proximal segment, small, rapid con- 
tractions were likewise present during periods of activity of the entire 
large bowel. It could not be determined accurately whether these had 
been transmitted from the proximal segment, although the evidence 
seems to point against this, as the movements were independent and 
localized to the region from which recordings were made. 

The most common type of movement found in the colon of the dog 
is no doubt a pulsating type of wave in which the entire organ contracts 
systolically as a single unit. This seemed to be the usual type of 
activity present. It was less frequently seen when irritability of the 
large intestine was increased by the administration of cathartics. With 
the use of the latter, a peristaltic type of movement was usually elicited, 
and no doubt had its purpose in the attempt at elimination of the drug. 
However, even during the normal response to stimulation in which 
systolic pulsations resulted, there frequently were transitions of this 
type of movement into the peristaltic waves. In the pulsating type 
of movement, the cecal portion of the colon rarely took part, continuing 
with its usual rapid type of activity and being influenced very little by 
happenings elsewhere. 

The waves which were peristaltic in nature and which apparently 
were transmitted through the colon were mostly the small, tonic con- 
tractions surmounting the large tonic changes. They could be followed 
through all three balloons, with a delay of from ten to fifteen seconds 


between each two waves. These waves were most frequently directed 
anally, but at times it seemed as though a few traveled orally, although 
this could not be definitely established. It is rather unlikely that reverse 
waves ever really appeared. 


The small, rapid waves of the cecum were frequently simultaneous 
with similar contractions in the other parts, and they could not be 
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seen to be transmitted with a delay analward; in other words, these 
waves also occurred as pulsations of the entire organ. Their rate on 
the average was five or six to one wave in the middle or distal part, 
and it may be that summation of these contractions is responsible for 
the changes in tonus in the distal parts. If this is the case, it would 
be difficult to classify these movements as peristaltic; more likely they 
are the result of a local stimulus or of the summation of the smaller 
movements. It is no doubt true that many of these waves were entirely 
localized, having no effect on, and not being affected by, movements in 
other parts of the colon. Frequently, an inhibition in tonus was present, 
and was most marked in the balloon nearest the distal opening of the 
colon, apparently jumping the middle portion. Occasionally it was 
noted that during periods of activity of all parts of the isolated seg- 
ment contractions in one part seemed frequently to be associated with 
depressions in tonus in another part, and this at times suggested a true 
inhibition, but the relation to peristalsis was not always uniform regard- 
ing time and amplitude. 


Contractions in the distal part of the colon of the dog apparently 
bear considerable similarity to those of the corresponding segment in 
the colon of man, according to studies made by Hines, Lueth and Ivy.” 
These investigators inserted balloons into the sigmoid flexure and 
rectum in normal and in constipated persons, and obtained tracings 


which are almost identical with those recorded from the middle and 
distal parts in our study. 


The Gastrocolic Reflex.—The distal part of the colon, as has been 
explained, is most frequently quiet, becoming active usually only when 
stimulated by various reflexes, distention and the like. Occasionally a 
tonic wave in the cecum will progress anally far enough so that a peri- 
staltic type of movement traverses the colon, but much more frequently 
the movements of the two sides are independent of each other. In the 
present study, one of the easiest methods of producing active move- 
ments in the distal part of the isolated segment of the bowel was to 
elicit the so-called gastrocolic reflex. This was best accomplished after 
causing the animal to fast for about twenty-four hours and at a time 
when the bowel was likely to be full of feces. At the time of its usual 
feeding, the dog was given a portion of fresh meat, and invariably the 
results were as follows: Within one or two minutes the tonus of the 
cecum fell considerably, and its movements became almost completely 
diminished for a period of two minutes; then they reappeared with 
slightly increased force and amplitude. At about the same time, the 


2. Hines, L. E.; Lueth, H. C., and Ivy, A. C.: Motility of the Rectum in 
Normal and in Constipated Subjects, Arch. Int. Med. 44:147 (July) 1929. 
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tonus of the middle part became elevated, and was accompanied by small, 
rapid, superimposed contractions. In another sixty to ninety seconds, 
short, rapid waves were transmitted from the most distal balloon, and 
these were superimposed on small changes in tonus, which became 
increasingly greater in amplitude and were finally recorded as large, 
strong contractions. These movements in the middle and distal parts 
then slowly diminished until the colon became perfectly quiet, in the 
same order as they had appeared, the whole process taking from fifteen 
to twenty minutes. It was noted that usually the most distal balloon 
was the slowest to become active, but its contractions were consider- 
ably stronger after once becoming started (fig. 3). 
Defecation.—Striking differences in colonic motor activity were 
found between the normal act of defecation and that following the use 


Fig. 3.—Initiation of activity in the middle and distal segments of the colon, 
lasting from twenty to twenty-five minutes, a rise in tonus of the cecum and 
greater irritability of the middle than of the distal portion. 


of drugs. In defecation, as it took place normally, the cecal and distal 
parts of the isolated segment of the large intestine were in their cus- 
tomary state of activity, consisting of small, rapid contractions in the 
cecum, with changes in tonus, accompanied by practically no activity 
in the parts where the two distal balloons lay. That is, the isolated seg- 
ment did not seem to take part in the act of evacuation. However, when 
the dog began to strain, the tonus of the cecum usually rose consider- 
ably (fig. 4), and practically always its movements stopped until strain- 
ing ceased (until defecation was completed). Activity continued in 
the distal part for variable lengths of time, but in the normal response 
for not more than from fifteen to twenty minutes, while the cecum 


went on with its usual contractions. Generally, slowing of activity was 
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first noticeable in the record made by the most distal balloon, and this 
was likewise true in the case of the disappearance of tonic waves, with 
those in the cecum noticeable the longest. Many attempts were made 


by abdominal pressure, in most cases exerted longer and with greater 


force than is occasioned by defecation, to elicit a response similar to 
that just described accompanying defecation, but each attempt was 
unsuccessful. 

The salines, magnesium or sodium sulphate, given in the same man- 
ner and with the same dosage 1s described for the experiments on the 
secretory mechanism of the colon, produced results which resembled 
the normal process more closely than did those of any of the other 


Fig. 4.—With straining incident to defecation, a considerable rise in tonus is 
recorded by the distal balloon. Activity in the isolated loop is first noted in the 
middle segment and then in the distal segment, but it does not last more than from 


five to seven minutes. 


cathartics. The outstanding variation from the usual type of activity 
with spontaneous defecation was the increased length of activity in the 
distal and middle parts of the isolated segment of the colon. With the 
saline laxatives this activity lasted for from eighteen to twenty-eight 
minutes, rarely any longer, before complete quiescence was resumed. 
Phenolphthalein falls in a similar class, continuation of movement in 
the isolated colon taking place for from twenty to thirty minutes; with 
syrup of rhubarb (fig. 2), the reaction was not much different, requir- 
ing from twenty-four to thirty minutes for a return to normal. Mild 
mercurous chloride and senna were longer in their action, and it took 





1138 ARCHIVES OF SURGERY 


from seventy-five to ninety-five and from fifty-five to seventy minutes, 
respectively, for a complete return to a quiescent state. Lastly, castor 
oil and colocynth (fig. 5) apparently had points in common. After the 
administration of castor oil, it was found that many hours were required 
before the activity in the segment quieted down enough to be classed 
as normal, and even twenty-four hours later the increased irritability 
was present. Apparently nothing would quiet the segment until elimina- 
tion of the drug had taken place. Forty-gight hours after defecation, 
however, the segment returned uniformly to a normal state of quiescence. 


The irritant action of colocynth was even more pronounced ; it was not 
until three days after the administration of the cathartic that the distal 
portion of the segment regained a normal state. Colocynth also pro- 
duced a characteristic reaction immediately after defecation, consisting 


Fig. 5.—Long-continued activity following the use of the irritating drug 
colocynth. Even forty-eight hours was an insufficient time for the segment to 
return to a normal state. 


in a marked elevation of tonus in the two distal portions of the seg- 
ment of the colon, accompanied by large waves which continued for a 
considerable length of time. This was entirely different from the after- 
results of other cathartics, and no doubt demonstrated the increased 
irritability produced by this drug. 

It was found that after the rectal injection of tap water in quanti- 
ties of from 100 to 150 cc. defecation was followed by approximately 
the same type and length of activity as that resulting from normal 
emptying of the bowel. Complete cessation of activity in the cecum 
attended insertion of the catheter through the anus. The cecum 
remained quiet until the tube was removed; then movements were 
resumed, similar to those which had been present before they had been 
stopped. Rectal distention by means of balloons, using 15 cc. of air, 
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was accompanied by the same results. Sometimes a lapse of sixty sec- 
onds or more took place before contractions reappeared, but when they 
reappeared, they seemed to be just the same as they were when they 
left off, no change having taken place during the interruption. This is 
in agreement with recent work by Lawson and Templeton,® who studied 
the effect of raising the pressure in various parts of the colon on the 
movements elsewhere in that organ. They obtained definite depression 
in tonus and activity in the proximal part of the colon when balloons 
were inserted into the distal part, and this is represented by kymo- 
graphic tracings which are almost identical with those found in the 
present study (fig. 5). 


Fig. 6.—Effect of vomiting on the isolated segment of the colon. Apparently 
there was some activity (reverse peristalsis) in the middle portion of the segment, 


preceding vomiting. There was considerable stimulation of movement after 
vomiting. 


A study of the gastrocolic reflex under the influence of laxatives 
showed that the reflex was most marked and lasted longest several hours 
after a cathartic had been given, but before defecation had taken place. 
This was especially true after the use of irritant drugs such as castor 
oil and colocynth, and was less after the others (fig. 2). After defeca- 
tion there was seldom much of a response with the ingestion of food 


3. Lawson, H., and Templeton, R. D.: Studies in Motor Activity of the Large 
Intestine: Influence of Balloon Technique Upon Colonic Mobility, Am. J. Physiol. 
99:87 (Dec.) 1931. 
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until about twenty-four hours later, and then it was elicited with its 
usual intensity. It would seem from this evidence that the bowel 
responds best when it is full of fecal material. 


Various other stimuli were applied to the isolated segment of the 
large intestine. The injection of 50 cc. of ice water into the middle 
of the loop over a period of two minutes by means of the arrangement 


described, without disturbing the balloons, resulted first in a fall of 


Fig. 7—Effect of the subcutaneous injection of 1 mg. of solution of pituitary 
on an isolated segment of the colon. There was mild stimulation of movements 
in the middle portion, but little change in the distal portion. 


tonus with cessation of the movements of the cecum (fig. 6). This was 
followed shortly by fairly large and rapid tonic waves in the cecum, 
with superimposed rapid contractions, and also by movements of mod- 
erate amplitude in the middle segments. In the distal balloon, no move- 
ments appeared, indicating lessened irritability in the portion and 
demonstrating that the threshold for activity had not been reached. 
The effect of cold on the colon in these experiments demonstrates the 





LARSON-BARGEN—ACTION OF CATHARTICS ON COLON 1141 


difficulty in using solutions of low temperature for enemas. Because 
of the distress caused, very small amounts can be injected and very little 
can be retained, whereas much larger amounts can be utilized if the 
solution is warm, as illustrated in the following experiments. Fifty 
cubic centimeters of warm water (44 C.), injected similarly, had a 
definitely relaxing and sedative effect, which was noted by a fall of 
tonus in the cecum and by cessation of movement in the various parts. 


Fig. 8.—Subcutaneous injection of 1 mg. of acetylcholine had an effect some- 
what less than that of solution of pituitary but similar to it. 


lap water at body temperature, no matter how long or how much was 


injected without producing distention, seemed to have no effect on the 
movements in any portion of the loop. 

Movements could, of course, be stimulated readily by mechanical 
means, such as pinching and pricking. 

To determine the effect of psychic stimulation, if any, on the move- 


ments of the large intestine, such as is often said to follow fright and 
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other emotions, a cat was suddenly dropped on the dog while the latte: 
was asleep. Some struggling ensued, and soon movements appeared 
in the middle portion, but no sign of activity appeared as a rule in 
the distal portion. The cecal contractions continued as previously. 
Several drugs were used in attempts to stimulate activity in the 
isolated segment of the large intestine. Solutions of pituitary and 
acetylcholine, given subcutaneously, increased the activity in the middle 
portion to a moderate degree, but had little or no effect in the distal 
portion. On the other hand, an aqueous solution of 20 per cent sodium 


Fig. 9.—Intravenous injection of 10 cc. of a 20 per cent solution of sodium 
chloride resulted in a stimulation of movements greater than that with solution 
of pituitary or with acetylcholine. These movements were especially marked in the 
distal portion of the colon. 


chloride markedly increased the movements in both distal balloons (figs. 
7, 8 and 9). 


COMMENT 
An isolated segment of the colon is anatomically and functionally 
like the normal colon. This has been demonstrated not only by observa- 


tion of the living isolated viscus, but by careful gross and histologic 
study of the exteriorized organ after death. 
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The marked difference in activity of the cecum and of the rest of 
the colon is striking. The cecum seems constantly active, with mixing 
and churning, probably for the important function of absorption. 
Besides this, the cecum by its activity tends to retain its content until 
the consistence of the feces is such that the mass will acquire form. 
In the distal part of the colon, the most frequent movements are systolic 
pulsations and not peristaltic waves, and the relation of this to its almost 
complete inactivity is noteworthy. The chief function of the distal 
portion seems to be propulsion of the fecal content toward the rectum. 

Two possibilities concerning the nature of impulses stimulating 
activity in the colon during feeding present themselves: 1. A hormone 
of the gastric mucosa liberated by feeding may stimulate the colon — 
through a humoral mechanism. The shortness of time between feeding 
and the colonic activity would make this unlikely. 2. Impulses may be 
transmitted over the mesenteric nerves. This, which was suggested by 
Alvarez,* is the more likely explanation. 


Probably the best explanation for activity appearing in the isolated 
segment of the colon after defecation, instead of simultaneously with 
it, or even beforehand, rests on the idea of a gradient as conceived by 
Alvarez and Starkweather.’ In the process of evacuation of the colon, 
the gradient of irritability of the lower end (anal) is steepened, and 
therefore its susceptibility to stimuli is increased. Before defecation 
there were no movements in the two distal balloons, but after evacua- 
tion of the bowel, the gradient of irritability was raised, so that the 
threshold for stimulation was lowered and the balloons were sufficiently 
large to stimulate the segment of the bowel into activity. Further sub- 
stantiation of this explanation can be found in the fact that in the 
presence of a gradient the most distal part of the colon would be the 
least irritable, and this was true. On injection of hot or cold water into 
this segment, the greatest effect was on the cecum, less on the middle 
portion and the least on the most distal portion. This was similarly 
true concerning the effect of psychic stimulation. This explanation 
also accounts for the variable lengths of time during which the cathar- 
tics stimulated the isolated segment of the colon. In normal defecation, 
in which the gradient after the act was immediately returned to its 
usual level and the threshold was again raised so that movement ceased, 
this actually seemed to be the case, because activity continued for a much 
shorter time than following the use of any of the cathartics. Enemas 
of tap water and the saline purgatives, which are known to have little 


4. Alvarez, W. C.: The Mechanics of the Digestive Tract, ed. 2, New York, 
Paul B. Hoeber, Inc., 1928. 


5. Alvarez, W. C., and Starkweather, Esther: XVII. The Metabolic 
Gradient Underlying Colonic Peristalsis, Am. J. Physiol. 47:293 (Dec.) 1918. 
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or no irritative action, produced the least amount of activity of any of 
the drugs. With the slightly more irritant cathartics, such as syrup of 
rhubarb and phenolphthalein, the activity produced was of longer dura- 
tion, and with mild mercurous chloride and senna the effects were still 
more prolonged. When colocynth and castor oil were used, the activity 
continued for as long as three days, indicating that these drugs may 
cause generalized irritability of the entire gastro-intestinal tract. 

Increased motor activity of the colon seemed to be intimately related 
to increased secretion of mucus, suggesting that irritants such as we 
used in these experiments either stimulated both motor and secretory 
mechanisms alike or acted on a single mechanism controlling both of 
these functions. 

SUM MARY 


Studies were made on the isolated colons of dogs. The operation 
to isolate the segment was performed in two stages, and complete heal- 
ing was allowed to take place, thus making possible observations of 
conditions which closely approached the normal, because no anesthesia 
was necessary and operative trauma was not present. It was found 
that the most common motor activity of dog’s colon consists in con- 
tinued rapid contractions of the cecum at the rate of from eight to ten 
a minute and systolic pulsations of the distal portion at the rate of 
about six in each four minutes. However, the latter segment was usually 
found to be quiet, except during and following defecation, vomiting 
and reflex stimulation. Respiration did not seem to influence the move- 
ments. Even the small cecum in the dog seems to have some function. 
At times a peristaltic type of movement was noted, but this was present 
only after catharsis, and seemed to represent an attempt to eliminate 
the drug. There is definite evidence of a gradient in the production of 
movements such as those brought on with psychic, thermal or other 
stimulation. When movements were initiated they were greatest and 
most easily brought on in the cecum, less easily in the middle portion 
of the colon and least easily in the distal portion. Likewise, the cecum 
contracted normally at a relatively rapid rate; the middle portion, less 
actively, and the distal segment with the slowest action. This was also 
true in the effect of catharsis; the distal portion continued to be motile 
for the shortest time, and the cecum for the longest. 

The gastrocolic reflex, better called the feeding or appetite reflex, 
was easily demonstrated and probably takes place through the mesenteric 
nerves. It depends to a certain extent on an adequate bulk in the 
colon and on an empty stomach. In man, this reflex is commonly 
absent, and this may be of etiologic significance in chronic constipation. 
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In a similar manner, receptive relaxation of the large intestine takes 
place after feeding, and, as a corollary, early emptying of the stomach 
favors early evacuation of the ileum and thus indirectly influences the 
emptying of the colon. These various reflexes indicate a delicately 
balanced mechanism resulting from reciprocal innervation throughout 
the digestive tract. External and internal factors, such as drugs and 
chemicals, mechanical, thermal and electric stimuli, various reflexes and 
nerve centers demonstrate a high degree of dependence of the alimen- 
tary system not only on its own functions, but on the entire bodily 
mechanism as well. 
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KIDNEY 

Invasion by Fat.—Young?’ described 11 cases of invasion of the 
kidney by fat, or replacement lipoma. In the first case, invasion by fat 
occurred in the absence of infection, pyuria and nephrolithiasis. In all 
cases there was an increase in perirenal fat, which was firmer than nor- 
mal and surrounded the pelvis, entering the hilus around the vessels and 
pelvis and following the infundibula into the kidney. The pelvis was 
always embedded in fat, and in some cases was completely obliterated. 
In 2 cases, not associated with lithiasis, atrophy of the kidney had pro- 
gressed to a remarkable degree. In the other cases, atrophy of the renal 
substance had occurred around the fatty replacement. 

Young stated that replacement lipomatosis is related to the process 
commonly known as autonephrectomy. Most extensive fatty invasion 
has occurred in completely obstructed kidneys. Atrophy of renal 
substance might be secondary to replacement by fat and cutting off of 
blood supply. Replacement lipomatosis is important clinically because 
the condition has been mistaken for renal neoplasm. 

Young stated that true renal lipomas are rare, and usually are small 
and yellowish. They are found as encapsulated nodules, in the cortical 
layer. They result from rests of fatty tissue which have become 
included in the kidney during embryonal life. Replacement lipomatosis 
possesses none of these characteristics. 


1. Young, H. H.: Lipomatosis or Destructive Fat Replacement of the Renal 
Cortex, Tr. Am. A. Genito-Urin. Surgeons 25:105, 1932. 
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Gridnev * stated that the formation of a fatty tumor in place of the 
renal parenchyma is of rare occurrence. He was able to find reports 
of only 39 cases in the literature. He reported the case of a man, 
48 years of age, who had had fever of three months’ duration. Two 
weeks before Gridnev saw him, the man had noted a painful swelling 
in the left flank. The urine was very cloudy. The patient was fat, and 
the swelling was painful. Without cystoscopic study, a diagnosis of 
pyonephrosis was made, and transabdominal nephrectomy was carried 
out. The tissue weighed 800 Gm. and measured 11 by 17 cm. On 
cross-section, the remains of calculous pyonephrosis, completely set in 
fat, were found. The case proved to be one of replacement lipomatosis. 


Gridnev stated that the perirenal fat occurs in three formations in 
these types of cases: First, the fat pushes into the kidney through the 
hilus, so that the pelvis is covered with fat and the fatty tissues 
penetrate between the columns of Bertini and gradually replace the 
parenchyma; second, this form, which embraces most of the reported 
cases, originates through the concentric formation of the fatty capsule, 
and takes the place of the destroyed parenchyma; third, in this group 
the renal parenchyma is pressed on from within as well as from with- 
out. All these formations eventually lead to complete replacement of 
the kidney by fat. The present theory as to pathogenesis is that the 
fatty change of the kidney and intense renal infection, with concurrent 


atrophy, are simultaneous. However, the real reason for the fatty 
replacement is still unknown. 


[Compr1Lers’ Note.—Replacement of the renal parenchyma by fat 
is rare. This substitution had been variously designated in the literature 
as lipomatous nephritis, lipomatous paranephritis, lipoma diffusum 
renis, lipomatosis renis, fatty transformation of the kidney, fat replace- 
ment of the kidney and fatty degeneration of the kidney. These terms 
are more descriptive of the stages of the pathologic anatomic process 
in which the entire parenchyma of the kidney may have disappeared. 
In the earlier stages in which the changes have not as yet occurred in 
the hilus and polar regions of the kidney, the term lipomatous para- 
nephritis is considered more descriptive. The condition is usually classi- 
fied with the various forms of paranephritis. The fat may either 
surround the kidney or limit itself to individual portions. It may even 
involve the ureter, assuming huge proportions. The replacement by 
fat usually parallels the renal process of atrophy. 

Kutzmann reported 33 cases and suggested the term “replacement 
lipomatosis.” He noted that there are essentially two groups of 
observers as to pathogenesis; a minority considers that the primary 


2. Gridnev, A.: Ein Fall von sogenannter Fettumwandlung der Niere, Ztschr. 
f. Urol. 35:180, 1932. 
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growth arises from the fatty capsule, while coincidentally the fat of 
the hilus forces its way into the kidney, causing secondary atrophy. 
The majority, however, hold that the replacement by fat is secondary, 
and that the atrophy is of primary importance. To support the latter 
view, it has been pointed out that at times retroperitoneal lipomas 
assume huge proportions, surrounding and pressing the kidney on all 
sides and yet causing no destruction or atrophy of the renal parenchyma. 
If the fatty growth were of a primary nature, histologic examination 
should reveal traces of renal tissue, but this has never occurred. 
Between the fatty tissue and the remaining atrophic parenchyma there 
is usually sharp division. Calculous disease and especially infection 
appear to be the important factors. Analysis has disclosed calculous 
disease in 80 per cent of cases. The end-result is usually pyonephrosis. 
The presence of calculi and the chronicity of the infection may result 
in proliferative and invasive power of the already hyperplastic peripelvic 
fat above the renal hilus and invasion around the large vessels. Treat- 
ment is directed to the associated pathologic changes and is usually 
nephrectomy. The replacement by fat usually remains undiagnosed 
until pathologic examination, since there are no pathognomonic findings. 
The kidneys in these cases are generally painful, badly infected and 
functionless. | 


Sequelae by Stone—Scholl* stated that if renal stones are not 
removed, secondary infection, urinary obstruction and destruction of the 
renal parenchyma are not unusual. But another element, not so gener- 
ally known or recognized, may also enter into the consideration of opera- 
tion in these cases; that is, prevention of carcinoma. 

There is a definite connection between gallstones and carcinoma of 
the gallbladder, and this same association also appears to hold true in 
regard to renal stone and certain types of malignant tumors of the 
kidney, especially squamous cell tumors. Not infrequently, in cases of 
renal tumor, the history suggestive of malignancy is of comparatively 
short duration, whereas symptoms of stones or infection have been 
present for many years. In a large percentage of cases of squamous 
cell tumor of the kidney there is a long-standing history of trauma 


and infection; at times the early history suggests the formation of 
stones. 


Scholl explained that definite symptoms suggestive of this type of 
growth are lacking. Bleeding is comparatively rare, the growths differ- 
ing in this respect from papillary growths of the renal pelvis. In some 
cases distention of the renal pelvis and the size of the tumor are amaz- 
ing, usually the result of gradual, slow occlusion which often is almost 


3. Scholl, A. J.: Squamous Cell Tumors of the Kidney Associated with Stone, 
Tr. Am. A. Genito-Urin. Surgeons 25:51, 1932. 
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painless. At times the pain which the patient has had intermittently for 
years increases and is more persistent, or it becomes constant, suggesting 
a change in the pathologic conditions present. Once a tumor has 
occurred, the outlook for the patient is very poor. 

Scholl reported 2 cases; the patients were both women, and gave 
histories of renal symptoms of long standing. In both cases the tumor 
was of such a rapidly growing malignant type that it is improbable that 
it was present for more than a relatively short time. In these cases 
the author found the stone associated with the squamous cell tumors, 
and he thought that possibly they were the causes of the tumors. It 
was obviously impossible to state at what time the cancerous condition 
started. In the majority of cases reported, stones have been present 
for a long time, probably long before the onset of the malignant condi- 
tion; early removal of these stones might have prevented formation 
of the growth. 

Comparison of the excellent results, the simplicity of the procedure 
and the low operative mortality following removal of uncomplicated 
renal stones, with the rapidly fatal outcome after the formation of a 
secondary tumor, justify the author in suggesting that the majority of 
renal stones should be removed as early as possible ; this should be done, 
not only because it relieves pain and prevents destruction of renal tissue, 
but also because in some cases, such as those described, it should prevent 
the formation of a malignant tumor. 

Anomaly of Pelvis—Papin* reported a case of bifurcated renal 
pelvis in a man aged 40, with stenosis of the large, lower calix, which 
opened into an abnormal upper calix. The first symptom was a sudden 
attack of pain in the right lumbar region, lasting several hours; this was 
followed a year later by two similar, more severe attacks, lasting 
several days, and accompanied by hematuria. Between the attacks there 
was merely a slight permanent sense of discomfort. Following the 
third attack, a pyelogram of the right side was made; a normal ureter 
was found, continuing upward into a large and greatly elongated upper 
calix into which opened the greatly dilated lower calix, through a 
markedly contracted orifice. After exposing the pelvis, Papin made a 
V-shaped incision in the two calices, prolonging the point of the V and 
creating a wide anastomosis between the calices. The patient made an 
uneventful recovery, and had had no further symptoms during the year 
that had elapsed since the operation. Papin expressed the belief that 
the case is unique in the literature on urology. The necessity of making 
the anastomosis very high, just below the vascular pedicle, made the 
procedure a difficult one. The operation may be added to the list of 


4. Papin, Edmond: Sur un cas de bassinet bifurqué avec sténose du grand 
calice inférieur: Anastomose des deux grands calices, Arch. d. mal. d. org. genito.- 
urin. 7:199, 1933. 
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more or less varied and ingenious methods that have been proposed and 
executed in cases in which there have been small hydronephrotic sacs. 


Horseshoe Kidney.—Gutierrez * concluded, after a study of horse- 
shoe kidney based on 25 cases, that this common congenital malformation 
is responsible for a definite clinical entity to which has been given the 
name “horseshoe kidney disease.” The clinical manifestations of horse- 
shoe kidney are due to the prominent position across the median line 
occupied by this anomalous kidney. The pressure of the organ on 
the great abdominal vessels, the celiac and lumbo-aortic plexuses, and the 
sympathetic and parasympathetic nerves which run along near the 
median line constitutes sufficient cause for a long-standing complaint. 
The threefold clinical expression consists in: first, intermittent attacks 
of indefinite abdominal pain, referred chiefly to the epigastric or umbili- 
cal region ; second, marked chronic constipation, with or without gastro- 
intestinal disorder, and third, urinary disturbances with early signs of 
chronic nephritis. 

In many instances permanent cure or relief from symptoms cannot 
be obtained without surgical division of the isthmus by symphysiotomy. 
Although it appears that horshoe kidneys do exist without causing symp- 
toms, the fact remains that practically all persons with this anomaly 
who come for examination come because they are suffering with some 
chronic renal disease, due chiefly to the abnormal position of the fused 
organ and its excretory apparatus. 

In Gutierrez’s series of cases, the condition in 4 was found at 
postmortem examination and in 2, at operation; in 19 the diagnosis was 
made preoperatively by urologic and urographic methods. In all the 
cases there was much unknown and unsuspected pathologic change. 

Horseshoe kidneys fall anatomically into two main groups: the 
symmetric and the asymmetric. The first of these, which alone is con- 
sidered here, comprises two types: (1) kidneys fused by the lower 
poles and (2) those fused by the upper poles, the former condition 
being by far the most common. In either case, the fused organ is 
astride the spinal column at about the level of the third and fourth 
lumbar vertebrae, with all the characteristics of a horseshoe as regards 
its form. As a rule, the isthmus is composed of genuine renal 
parenchyma, and is seldom a band of fibrous tissue. In the usual type 
of horseshoe kidney the pelvis is anterior to the blood supply of the 
organ, with the ureters running before, and at times perpendicular to, 
the isthmus, and hence parallel to the vertebral column. 

Before the era of pyelography, horseshoe kidney was found chiefly 
at necropsy, about once in 1,000 subjects. In the two decades of 


5. Gutierrez, R.: The Clinical Management of Horseshoe Kidney, Am. J. 
Surg. 14:657 (Dec.) 1931; 15:132 (Jan.) 1932; 15:345 (Feb.) 1932. 
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systematic urologic examination, the ratio has risen to 1 in 400, and 
in any active urologic service it may be discovered in as high a propor- 
tion of pyelograms as 1 in 100 or 200. It is important to classify these 
cases into two groups: the cases in which, except for the anomaly, the 
kidney is normal but gives clinical symptoms, and the cases in which 
the kidney, in addition to being anomalous, is otherwise pathologic. 

It is probable that fusion of the two organs occurs between the 
fifth and seventh weeks of embryonic life, as the result of some 
mechanical obstruction interfering with the normal upward migration 
and inward rotation of the two kidneys. Horseshoe kidneys are nearly 
always ectopic, and they retain the marked lobulation and furrows of 
the fetal organs on the anterior surface. The posterior surface is 
generally smooth, with a furrow in the isthmus formed by the passage 
of the great abdominal vessels. The hilus and the excretory apparatus 
are almost always ventrally and inwardly placed. 

The organ, as a rule, is fixed, and it is the deep incarceration of the 
isthmus in the surrounding structures that is responsible for the clinical 
syndrome. The calices and peives are markedly irregular in size, shape 
and position. Urographic studies reveal a peculiar, characteristic 
arrangement of the calices, especially the lowermost calices, in reverse 
position, looking inward toward the spinal column. The high implan- 
tation of the ureters results in mechanical obstruction at the uretero- 
pelvic juncture, causing compression of the abdominal content by the 
overiying structure, resulting in retention, hydronephrosis, pyelone- 
phrosis, and other renal diseases. Concomitant anomalies of other 
organs are very common. 

The topographic relations of the blood, nerve and lymphatic supply 
have great significance here. The blood supply is nearly always 
anomalous, forming a network that contributes largely to the main- 
tenance of the position of the organ. The intricate network of the sym- 
pathetic and parasympathetic nerves is responsible for the early 
nervous irritability, the continuous pressure of the weight of 
the isthmus on the exquisitely sensitive celiac plexus resulting in 
sudden pain and gastro-intestinal disorders. Obstruction of the 
lymphatic circulation by the pressure of the horseshoe kidney plays 
an important part in producing stagnation of lymph, resulting in 
symptoms of infection and disease of the organs of the retroperitoneal 
space. In addition, the parietal peritoneum lies directly on the isthmus 
(which lacks the perirenal fatty capsule) and is adherent to its 
anterior surface as well as to its excretory apparatus. Under these 
conditions, the intra-abdominal pressure and the weight and close 
relations of the organs bound together on it must intefere with the 
thythmic dynamic contractions of the ureters, and must play a part 
in the marked stagnation of urine, which is characterized clinically 
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by intermittent attacks of pyelitis and pyelonephritis. As the early - 
symptoms progress, the clinical picture may become aggravated 
through lack of drainage and through intense pyelonephritis, followed 
by recurrent attacks of fever, chills, general sepsis, ileus and uremia. 
The pressure of the renal mass on the aorta may lead to aortitis and 
aneurysm, with cardiac hypertrophy, thrombosis of the iliac veins and 
phlebitis. 

The syndrome of horseshoe kidney was observed in 24 of the 25 
cases reported. Every one of the patients had been examined pre- 
viously in some other hospital, and various diagnoses had been made. 
Twelve of the patients (48 per cent) had been operated on elsewhere 
for various abdominal conditions, without obtaining relief. 

It is chiefly urography that has made possible the preoperative 
diagnosis of horseshoe kidney. Pyelograms of both sides, whenever 
possible, or pyelograms made following intravenous injection are 
necessary, not only to verify the diagnosis, but to exclude the possi- 
bility of other abnormalities. As a further means of eliminating error, 
Gutierrez has established a new sign of distinct pathognomonic value, 
which he calls the “horseshoe kidney pyelographic triangle.” This 
triangle has as its base the line joining the two lowermost calices in 
the pyelogram, and as its apex the point where the bisiliac line crosses 
the vertebral column. Owing to the abnormal approximation of these 
two calices in the horseshoe kidney, the basal angle is very narrow, 
ranging between 7 and 36 degrees, with an average of 20 degrees, in 
strong contrast with an angle of 90 degrees in a similar triangle drawn 
in normal kidneys. 

The graphic points in the pyelogram for establishing a correct 
diagnosis of horseshoe kidney are: first, visualization and perfect 
outline of the position of the kidneys; second, possible delineation of 
the isthmus by roentgen rays; third, renal shadows of calculi close 
to the spinal column or overlapping it; fourth, in a pyelogram of 
both sides, rotation of the pelves; fifth, the lower calices pointing 
inward toward the median line; sixth, the “flower-vase” position of the 
ureters ; seventh, the “bottle neck” shape at the ureteropelvic juncture, 
and eighth, the pathognomonic pyelographic horseshoe triangle, with 
its minimal basal angle of 20 degrees. 

At the onset treatment should be conservative, but in most cases 
some surgical procedure is necessary later. Two types of cases must 
be considered: 1. Cases in which some concomitant associated patho- 
logic change is present, and in which some type of surgical inter- 
vention may be required, as in any other pathologic lesions of the 
kidney. Obviously half of the kidney must have enough function to 
maintain life, particularly when heminephrectomy is to be carried out. 
2. Cases in which no detectable pathologic change is present, but in 
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which, nevertheless, the syndrome of horseshoe kidney is clinically 
evident. Here renal symphysiotomy for the division of the isthmus 
of the fused kidney is the operative procedure of choice, followed by 
nephrolysis, ureterolysis and nephropexy. The best surgical method 
of approach has been found to be the retroperitoneal, since in this 
way peritoneal complications are entirely avoided. These operations 
on the horseshoe kidney are in reality conservative procedures, with 
good prognosis, relieving symptoms and achieving permanent cure. 

Legueu and Fey® reported a case of horseshoe kidney. The 
pyelogram revealed four separate pelves; it was also obvious that the 
lower calices were placed in reverse, facing inward toward the median 
line, as though occupying the isthmus of the fused organ. The patient 
suffered from pain on the left side, where there was marked dilatation 
and infection. In view of the bilaterality of the lesion, which appar- 
ently caused one kidney to be superimposed on the other, and of the 
fact that there was evidence of only one ureter on each side, operation 
was not considered. 


[CompiLers’ Note.—Another such unusual anomaly as a horse- 
shoe kidney with four pelves has also been reported by Gutierrez.° 
There are perhaps 5 or 6 cases of this type on record. Before 
urography was possible, the condition was seldom, if ever, diagnosed 
clinically before operation. Nowadays it is easily and accurately diag- 


nosed by means of ascending or descending pyelography. Accurate 
diagnosis has made it possible to anticipate complications and to 
diminish difficulties at the time of operation. ] 

Salleras* reported a case of horseshoe kidney, diagnosed pyelo- 
graphically in advance of operation. If there is any reason to suspect 
the present of horseshoe kidney, the position of the ureters, pelves and 
calices should be carefully noted in the pyelogram. If the ureter 
enters the pelvis on the external margin of the latter, with marked 
deviation from the vertebral column, or if the pelvis is external with 
reference to the kidney, and the calices point toward the vertebral 
column, one may feel certain of the presence of this renal anomaly. 
Nevertheless, a horseshoe kidney with normal pyelographic charac- 
teristics may occur if the kidneys have ascended to a fairly normal 
position. In the case reported, there was pyonephrosis of the left 
kidney, for which nephrectomy was done. 

A pyelogram of both sides revealed that the left ureter, of normal 
size, deviated strongly outwar: and was widely separated from the 


6. Legueu and Fey: Pyélographie d’un rein en fer 4 cheval, J. d’urol. 27:347 
(March 18) 1929. 

7. Salleras, Juan: Rifién en herradura con pionefrosis del izquierdo. Diag- 
néstico pielografico. Nefrectomia. Curacién, Rev. Asoc. méd. argent. 46:1287 


(Oct.) 1932. 
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vertebral column. The left renal pelvis, much distended, was four 
times its normal size and occupied an inverted position. The calices 
situated within the pelvis, although inverted, were projected in the 
pyelogram against the transverse processes of the first to the fourth 
lumbar vertebrae; at the fourth there was a prolongation of the lower- 
most calix, which was dilated and possibly corresponded to the isthmus 
of the horseshoe organ. The right ureter followed a normal course 
and was not enlarged. The image of the two kidneys, taken together, 
gave the impression of a horseshoe kidney joined at the lower poles, 
which finding, together with left pyonephrosis, was confirmed at 
operation. 

Salleras made his incision slightly within the parenchyma of the 
left kidney, to form a stump for the ligature. A large quantity of pus 
gushed out, and a kidney three times the normal size was found, with 
its fatty capsule closely adherent to the capsule proper. When the 
removed specimen was opened through its convex border, it was found 
that the parenchyma had almost entirely disappeared, being replaced 
by enormous cavities which were the site of pyonephrosis. 

Formation of Calculi—Gottstein * stated that definite progress has 
been made in the study of urinary calculi, as to the etiology, pathology, 
diagnosis and treatment. Recent years have produced good experimental 
work on oxalate, urate and phosphate stones. These studies have aided 
the work on the etiology of formation of stones. Endoscopic technic 
has enhanced diagnosis, especially in association with simple roentgen 
rays and pyelography. Conservative methods have displaced surgical 
methods in the treatment of ureteral calculi, especially with small stones. 
With kidney stones, Gottstein stated that one must still depend on opera- 
tion; this will probably remain the method of choice unless newer 
methods are forthcoming. The author concluded that radical methods 
should be used only when the investigator believes that conservative 
methods may lead to recurrence. 

Ewell ® stated that cystine stones of the kidney occur as complica- 
tions of cystinuria; the latter, in all probability, is due to an error in 
metabolism, with a definite hereditary tendency. 

This formation of stones is dependent on different factors, such 
as stasis and infection, and should be suspected in all cases in which 
renal calculi are recurrent; the calculi and urine should be examined 
chemically for cystine. If a cystine stone is found, or if cystinuria is 
demonstrated, the patient should be given a diet low in protein. Pro- 
teins containing a large amount of cystine are to be avoided, and the 
urine should be rendered alkaline by internal administration of alkalis. 
After three months of such care in 2 of Ewell’s cases, sandy particles 


8. Gottstein, G.: Nieren-und Uretersteine, Beitr. z. klin. Chir. 156:315, 1932. 
9. Ewell, G. H.: Cystine Nephrolithiasis, J. A. M. A. 99:2160 (Dec. 24) 
1932. 
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of cystine and crystals disappeared from the urine, with a decrease in 
the concentration of cystine in the urine. Crystals promptly returned 
after resumption of a general diet and discontinuance of the alkali. The 
possibility of the formation of phosphatic calculi from the intake of 
alkali should be borne in mind. In Ewell’s case 3, conclusions were 
not warranted. In case 4, the formation of calculi was not prevented 
after several months of apparently the same care. 

Young *° stated that the subject of recurrence after operation for 
renal and ureteral calculi is very important, for the great clinics of the 
country have reported recurrence in from 20 to 40 per cent of cases. 
He stated briefly that the cause of recurrence is one of the following: 
missing a calculus or leaving a fragment, persistent infection, dependent 
or badly draining calices or pouches or obstructions at the ureteropelvic 
juncture. If the stone lies within a calix or pouch which has excellent 
drainage, removal of the stone by pyelotomy usually will be the method 
of choice, and can be expected to give good results, if one is careful 
to sterilize the urine before allowing the patient to leave. If the infect- 
ing organism is a coccus, neoarsphenamine, in doses from 0.30 to 
0.75 Gm. intravenously, at intervals of from three to four days, usually 
will give quick results. With bacillary infections, it is more difficult to 
obtain sterilization, and various treatments by mouth and intravenously 
may be required in addition to pelvic lavage. 

When the stone is in a dependent pouch, and drainage is uphill, 
especially if the infundibulum leading from the pouch to the pelvis is 
contracted, the stone usually cannot be removed by pyelotomy. In 
preference to nephrotomy, Young generally carries out resection of the 
pole of the kidney, unless contraindications exist. Young proposed 
this method a number of years ago for use in cases of this character, 
and has been greatly pleased with the results obtained. He recently 
studied 17 cases, in 14 of which the lower pole had been resected, and 
in 3, the upper pole. There has not been a single recurrence of renal 
or ureteral calculus in any of these cases. He expressed the belief that 
the operation is greatly to be preferred to extensive nephrotomy, which 
leads to marked destruction of renal tissue from the multiple sutures 
that are required to stop bleeding. By thus removing the stone-bearing 
area and the poorly draining pocket, if one continues to treat the patient 
until sterile urine is obtained, calculi will, in Young’s opinion, rarely 
recur, 

Randall*+ stated that alkalinization and phosphatic encrustations 
can be prevented by lavage of the bladder, with phosphoric acid post- 
10. Young, H. H.: Discussion, Tr. Am. A. Genito-Urin. Surgeons 25:152, 
1932. 

11. Randall, Alexander: Problem of Recurrent Renal Calculi with the Con- 


sideration of a New Preventive Treatment, Tr. Am. A. Genito-Urin. Surgeons 
25:123, 1932. 
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operatively. Treatment of staphylococcic cystitis, leukoplakia and allied 
conditions by this means is indicated. There has been every indication 
of success in the prevention of recurrent renal calculi of the phosphatic 
variety. The recognized action of such strengths of phosphoric acid in 
vitro and the tolerance to such topical applications in vivo make possible 
the dissolution of small phosphatic calculi or of fragments left at 
operation. 


Randall concluded that as this means of treatment has proved safe 
and efficacious in renal operations as a postoperative prophylactic mea- 
sure against infection with the alkali-producing organisms, it should 
aid in the prevention of recurrent renal calculi of the phosphatic variety. 


Polycystic Disease —Noszkay ** stated that it has not been definitely 
decided whether polycystic kidney is a disturbance in the development 
of the kidney or a tumor. However, such factors as heredity, bilater- 
ality and similar processes in other organs tend to cause one to attribute 
the condition to developmental disturbances. Degeneration of a poly- 
cystic kidney is progressive, and leads to complete renal insufficiency 
and, finally, uremia. 

The diagnosis of early polycystic kidney is difficult, since there are 
no characteristic symptoms. However, bilateral pyelography is a great 
aid because of the characteristic pyelograms. Since polycystic kidney 
is a progressive disease, treatment should be as conservative as possible. 
The progress of the condition cannot be deterred by operation, and 
there will be only temporary symptomatic relief, such as cessation of 
hematuria, diminution in the size of the tumors and passive increase in 
renal function. For this, Payr’s cystic puncture is advocated. 

A polycystic kidney should be removed only if there is a vital indi- 
cation, and if the other kidney is functionally capable and there is no 
danger of oncoming uremia. Such indications may be continuous 
hematuria or renal infection. In the case of a unilateral renal tumor, if 
the diagnosis is undecided, exploration is warranted. 

Braasch and Schacht ** collected data on 193 patients observed at the 
Mayo Clinic for whom a diagnosis of polycystic kidney had been made. 
At the time of the onset of symptoms, the average age of the patients 
was 38.8 years. The average length of life of the patients who were 
reported to have died was fifty years. There was definite evidence of 
a hereditary trend. A systolic blood pressure of 145 mm. of mercury, 
or more, was found in 61 per cent of the cases; the diastolic blood 


12. Noszkay, Aaurel: Ueber die polycystische Niere, Ztschr. f. urol. Chir. 
35:238, 1932. 

13. Braasch, W. F., and Schacht, F. W.: Pathologic and Clinical Data Con- 
cerning Polycystic Kidney, Tr. Am. A. Genito-Urin. Surgeons 25:85, 1932. 





SCHOLL ET AL—UROLOGIC SURGERY 1157 


pressure was more than 90 mm. in 55 per cent, and more than 95 mm. 
in 47 per cent. Peripheral sclerosis was observed in 15.4 per cent. 
Retinal sclerosis, with other ocular changes, was noted in 51 per cent. 
Laboratory evidence of renal insufficiency was present in more than 
60 per cent. Surgical complications occurred in approximately 20 per 
cent of the cases; this is a larger percentage than is usually recorded. 

Braasch and Schacht stated that renal polycystic disease is easily 
overlooked, and usually is overlooked in the course of general clinical 
examination, since there are often no symptoms present which would 
indicate renal involvement. The failure to discover that renal enlarge- 
ment is bilateral may lead to the erroneous diagnosis of renal neoplasm. 
Bilateral urographic studies may be necessary to determine involvement. 
of both kidneys when abdominal palpation reveals unilateral enlarge- 
ment. The most common symptom is a dull pain, usually referred to 
either renal region. The first clinical symptoms are frequently those 
of renal insufficiency, although a remarkable degree of tolerance is often 
noted in the presence of advanced renal destruction. Laboratory evi- 
dence of marked reduction in renal function, with comparatively few 
subjective symptoms, in the case of an adult who is in the third or 
fourth decade of life, should call attention to the probability of poly- 
cystic renal disease. The prognosis will vary largely with the degree 
of renal dysfunction. If renal function remains normal, the prognosis 
is good. Even moderate reduction of renal function may remain 
stationary for as many as ten or fifteen years. When the reduction is 
advanced, the prognosis becomes grave, although several years may 
elapse before death. Expectancy of life will average almost fifty years, 
although patients are frequently observed who are more than 60 years 
of age. The hereditary nature of the disease should discourage the 
having of progeny, and sterilization should be advocated. 


Hydronephrosis —Konig ** reported 7 cases of intermittent hydro- 
nephrosis in which careful examination was made to determine the 
cause of the pelvic obstruction. In 2 cases the obstruction was caused 
by inflammatory bands; in 4, by accessory vessels, and in 1 case by 
a combination of these. In 4 cases it was necessary to perform 
nephrectomy. In 3 cases, satisfactory results were obtained by freeing 
the ureter, cutting through the accessory vessels and removing the 
obstructing bands. In 2 cases, cure resulted from the clearing up of 
associated infectious pyelitis. 


Konig stated that it is always essential to remember the possibility 
ot anomalous blood vessels as a cause of hydronephrosis. 


14. Konig, F.: Ueber intermittierende Harnstauung im Nierenbecken, Deutsche 
Ztschr. f. Chir. 227:326, 1930. 
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Walters ** stated that the return of renal function after removal 
of obstructing lesions seems rather remarkable. If one is to attempt to 
preserve a kidney injured as the result of an obstructing lesion when 
the other kidney is normal, one must have sufficient evidence that such 
a kidney will return to reasonable function after relief of obstruction 
and after control of infection, rather than to a decrease in function and 
to atrophy. 

Walters expressed the belief that a most important point in such a 
decision is the amount of renal parenchyma that is present, as measured 
by the thickness of the cortex and the size of the calices. Even in cases 
in which a good deal of infection appears to coexist with the obstructing 
_ lesion, in the presence of small cortical abscesses, the kidney may free 
itself of such infection after relief of the urinary obstruction. In such 
cases, removal of the fibrous capsule of the kidney, enabling the cortical 
infection to discharge itself, should be a part of the procedure. In the 
presence of stones in the kidney and ureter, estimations of renal func- 
tion, such as excretion of phenolsulphonphthalein, indigo carmine and 
various mediums used in intravenous urography, do not give accurate 
indexes of renal function. If this is the case, whenever sufficient renal 
parenchyma remains, the kidney should not be removed until sufficient 
evidence accumulates, after removal of the obstruction, that the kidney 
is not functioning. Indications for conservative procedures, such as 
resection of the renal pelvis, reimplantation of the ureter or removal of 
obstructions, such as peripelvic tissue, are strikingly indicated when 
the hydronephrosis is bilateral or, if it is unilateral, when sufficient 
renal parenchyma remains to justify its preservation. In making the 
decision as to the best conservative treatment to follow in hydro- 
nephrosis, one should be guided by one’s own experience, remembering 
that the safest and best procedure is the one which produces adequate 
and complete relief from the obstruction, with only disturbance of the 
renal pelvis or ureteral tissue. 

Tuberculosis —Thomas and Kinsella ** have come to the conclusion 
that successful surgical treatment of urogenital tuberculosis depends 
primarily on accurate diagnosis. This may be accomplished only after 
repeated, complete urologic examinations. Surgical treatment for any 
type of tuberculosis, except in an emergency, should not be under- 
taken until the patient has developed a sufficient defense mechanism. 
Urogenital tuberculosis rarely demands emergency operation. Any 
such treatment of tuberculosis, surgical or medical, shou!d aim at treat- 
ment of the patient as a whole and not just the local lesion. The authors 


15. Walters, Waltman: Restoration of Renal Function Following Removal of 
Obstructing Lesions, Ztschr. f. urol. Chir. 36:264 (Jan.) 1933. 

16. Thomas, G. J., and Kinsella, T. J.: Modern Aspects of the Surgical Treat- 
ment of Urogenital Tuberculosis, Tr. Am. A. Genito-Urin. Surgeons 25:405, 1932. 
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said that nondestructive renal tuberculosis, unilateral or bilateral, is a 
nonsurgical condition and should be treated intensively by medical 
methods. Unilateral, sightly destructive tuberculosis should be treated 
conservatively under careful observation. Nephrectomy is indicated 
only when progressive disease is present. Extensive unilateral destruc- 
tive lesions should be treated by surgical methods. In bilateral destruc- 
tive renal tuberculosis an operation is not indicated except when it is 
necessary to stop hemorrhage or to relieve pain and infection, the result 
of an obstructed ureter. 

Thomas and Kinsella stated that genital tuberculosis is usually an 
infection of the prostate gland and epididymis, and in a high percentage 
of cases is associated with a renal lesion. They stated that tuberculosis 
of the epididymis is often an acute disease, and can be cured by drainage 
and heliotherapy. When an operation is necessary, it should be an 
epididymectomy and not an orchidectomy. Surgical treatment of tuber- 
culosis does not cure the disease, but it mechanically aids in producing a 
clinical result. Constitutional treatment of urogenital tuberculosis is 
important and should supplement surgical treatment, both before and 
after operation. 


Carbuncle-—Patch and Reid ** reported 2 fatal cases of bilateral 
renal carbuncle, in both of which the diagnosis was proved at necropsy. 
In 1 of the cases there was a typical carbuncle of the liver. Two other 
cases of presumable renal carbuncle with perinephritic abscess were 
reported ; both patients recovered following drainage of the abscess. 

The authors stated that the value of a pyelogram in arriving at a 
diagnosis was demonstrated in the two cases of presumed renal car- 
buncle. Early diagnosis and conservative treatment are two important 
factors, and should be emphasized. They expressed the belief that in 
all obscure cases, even when only slight signs and symptoms suggest 
involvement of the urinary tract, full urologic study should be made. 

O’Conor also reported 2 instances of renal carbuncle, in both of 
which the left kidney was involved. Both cases were correctly diag- 
nosed before operation. Diagnosis was made possible by roentgenologic 
studies, coupled with the history and clinical examination. Complete 
recovery followed nephrectomy. As near as O’Conor was able to 
ascertain, this report brings the total to 94 reported cases. 

Cysts.—Pfaehler ** reported a case of bilateral solitary cyst of the 
kidney. Both cysts were the size of a child’s head, and were success- 
fully enucleated from the kidney, the first in 1923 and the second six 
years later. The patient made a good recovery. 


17. Patch, F. S., and Reid, R. G.: Carbuncle of the Kidney, Tr. Am. A. 
Genito-Urin. Surgeons 25:1, 1932. 
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Infarcts—Barney and Mintz*® have gone over the records of 
necropsy of the Massachusetts General Hospital and have found and 
studied 143 cases of infarct of the kidney. Of this series, 117 patients 
(83 per cent) were admitted to the medical wards, and only 22 to the 
surgical service. Of the latter, 6 were admitted with gangrene of one 
or both legs, and amputation was performed; 9 had a more or less 
acute abdominal condition; 3 came because of carcinoma, and 3 others 
for empyema. 

Most of the patients admitted to the medical service were found to 
have acute or chronic heart disease, many with decompensation; the 
chief cause of illness of the others was marked arteriosclerosis. Of the 
patients with infarct, 57.5 per cent were males. The youngest patient 
was a boy, 6 years of age; the oldest a man, 77 years of age. How- 
ever, the great majority were between 30 and 50 years of age; more 
than 24 per cent were from 30 to 40 years, and more than 19 per cent 
from 40 to 50 years of age. Infarcts of the kidney, then, are most 
commonly seen at the prime of life. 

In about 38 per cent of this series Barney and Mintz found the 
urine persistently normal. In 80 cases (61 per cent), in which the urine 
was not normal, it was often doubtful whether the presence of 
infarction of the kidney accounted for the pathologic condition found. 
Only about 10 (9 per cent) of the patients complained of urinary 
symptoms, such as frequency, difficulty or dysuria. Four of the 10 
patients were those who were mentioned as having hematuria. The 
remaining 116 (91 per cent) made no complaint of urinary symptoms. 
In 88 cases (64.7 per cent) there was no history of pain or tenderness. 

At postmortem examination a normal heart, including the myo- 
cardium and valves, was found in only 6 (4.4 per cent) of 136 cases 
in which the observation was recorded. In 130 cases (about 95 per 
cent) the heart and its valves showed changes of greater or lesser 
extent. In 92 cases of this group (67.6 per cent) the lesions were of 
long standing, associated in a great many cases with arteriosclerotic 
changes. 

Barney and Mintz found pathologic conditions in the lungs in 71 
cases (55 per cent). Of these, infarctions were most frequent; there 
were infarctions in 34 cases (26.9 per cent), with pneumonia next in 
order ot frequency (17 cases). Abscesses, pulmonary emboli, hydro- 
thorax and empyema were observed in several instances in one or 
another combination with the infarction. 


Barney and Mintz also found that both kidneys were the seats of 


infarcts in 77 cases (54.2 per cent); 3 of these cases were included 
among the 5 cases of total infarct already mentioned. Streptococci, 


19. Barney, J. D., and Mintz, E. R.: Infarcts of the Kidney, J. A. M. A. 
100:1 (Jan. 7) 1933. 
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generally Streptococcus viridans, were the offending organisms in 40 
cases (72.7 per cent of the positive cases), staphylococci coming next 
in 10 instances (18.1 per cent). The great predominance of infections 
of the cardiac valves would seem, therefore, to coincide with the high 
incidence of streptococci. 


Abscess.—Casco *® reported a case of renal amebic abscess, affect- 
ing a boy 4 years old, which was evacuated spontaneously by way of 
the urinary passages. The case was unusual, both on account of the 
place where the abscess formed, and also because of its evolution. The 
child was a native of Corrientes (Argentina) where amebiasis is 
endemic. His illness began with diarrhea, and he was brought to the 
clinic in a state of extreme malnutrition. As Endamoeba was found in 
his stools, he was treated with emetine hydrochloride, and apparently 
made a good recovery. He was brought back by his father five months 
later, however, in a state of undernourishment, with a distended 
abdomen; the left kidney was enlarged and painful on palpation. 
Although diarrhea was not present, examination disclosed a few amebic 
cysts in the stools. The urine contained abundant pus and cells of the 
vesical epithelium. A few days later, when blood was found in the 
urine, the patient was admitted to the hospital. On the second day 
he passed large quantities of pus in the urine and many amebic cysts. 
Although hope of recovery seemed slight, treatment with emetine hydro- 
chloride was instituted, following which the child recovered; he had 
remained well up to the time of the writing of the report. 

While the dosage given was large for a young and undernourished 
child, Casco expressed the belief that this is the only way to make the 
parasite disappear. 


Fistula—Barnes*' reported a case of renocolic fistula. This 
resulted from neglected calculous pyonephrosis with rupture into the 
ascending colon. A diagnosis was made by means of a pyelogram, 
which showed the escape of the pyelographic fluid into the cecum. 
Nephrectomy and closure of the opening into the cecum were success- 
fully accomplished. 

Barnes expressed the belief that this case emphasizes the importance 
of earlier urologic study in cases of continued pyuria. It also adds 


another interesting condition to the list of sequelae of neglected pyo- 
nephrosis. 


Function.—Janney and Walker ** stated that they had presented 
the results of a test designed to show the peak capacity of the kidney 


20. Casco, E. D.: Abceso amebiano de rifién eliminado por vids naturales, 
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to dispose of water, and that they had shown that this capacity declines 
progressively among clinically normal pregnant women in the last 
twelve weeks of pregnancy. It has already been shown that fever 
reduces the volume of urine, and the conjunction of intercurrent dis- 
ease with this lowered functional capacity of the kidney in the later 
weeks of pregnancy has -been considered as a precipitating factor in 
toxemic states. The results of this test in a small group of patients 
with toxemia have been reported, and the clinically well known urinary 
retention which occurs in this condition has been demonstrated by this 
method. 


Infection.—Preiss ** stated that in the last forty years more than 
240 cases of mechanical ileus in pregnancy have been reported. In 34 
of these cases necropsy was performed and revealed true ileus of 
pregnancy, that is, ileus caused by the pressure on the intestine of a 
normal, gravid uterus. In 9 of the 34 cases there was associated pyelitis 
of pregnancy. 

A case of a primigravida, aged 23, who had true ileus of pregnancy 
is reported. This patient had had two operations before pregnancy, 
and chronic pyelitis in the course of it. Between the fifth and sixth 
months the infection became more severe; ileus developed which did 
not respond to ordinary measures of treatment and rapidly became 
worse. Laparotomy disclosed the presence of ileus; the uterus was 
emptied, and the woman recovered. 

There are several explanations of ileus of pregnant women: intes- 
tinal paralysis secondary to the toxicosis of severe pyelitis, ileus 
resulting in traction of the pregnant uterus on the vaginal neck, retro- 
peritoneal phlegmonous infection following pyelitis, intestinal atony 
from the toxins of pregnancy and pressure on the dilated intestines by 
the uterus. Treatment of this condition is laparotomy and emptying 
of the uterus; the pyelitis by itself is not sufficient indication to inter- 
rupt pregnancy unless it is associated with a high degree of ileus. 

Wegelin ** described a case of aspergillosis of the kidney affecting 
a man, aged 56, who otherwise was healthy. The kidney was removed, 
and the wound healed rapidly. The fungus growth caused definite 
necrosis, which was limited to the renal parenchyma; however, in the 
remainder of the kidney there was a definite chronic inflammatory 
reaction. Microscopic examination revealed caseous-cavernous destruc- 
tion of a portion of the kidney. Infection resulted from the hema- 
togenous transmission of the spores; it was impossible to determine 
the point of entry. 


23. Preiss, Hans: Ueber Pyelitis gravidarum und Ileus, Zentralbl. f. Gynak. 
57:319 (Feb. 11) 1933. 

24. Wegelin, C.: Ueber eine Schimmelpilzerkrankung der menschlichen Niere, 
Ztschr. f. urol. Chir. 36:281 (Jan.) 1933. 
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PARARENAL TUMORS 


Quénu * observed a woman, aged 42, suffering from a condition 
that should be classified as pararenal tumor as defined by Lecene in 
1919, since it fulfils all the anatomic and pathologic conditions sug- 
gested by Lecene. The kidney was preserved and was left intact after 
removal of the tumor. 

Study of the late results in these cases is interesting in view of 
the paucity of reports on the subject. In reports of 65 cases that 
Lecene reviewed in which the patients had survived operation, he found 
only 15 in which the patients had been traced for more than one year. 
In Quénu’s case the patient had no recurrence until three years after 
operation. The secondary growth, when it developed, was not on the 
flank, as was the primary tumor, but above in the hypochondrium and 
below in the pelvis, as if several nodules had been left at each pole. 
These secondary growths were removed without difficulty. There was 
another recurrence eighteen months later, this time at the site of the 
original tumor. Quénu accordingly opened the abdomen for the third 
time, one year previous to the writing of his report. This time the 
operation was more difficult, and in an attempt to preserve the kidney 
part of the parenchyma was resected, Quénu has seen the patient 
three times since, and at the time of writing she had a small pelvic 
nodule to the right of the uterus, which may have been a third recur- 
rence. Her general condition continued to be good. 

Lepoutre ** stated that the diagnosis of paranephritic tumor is 
rarely made before operation. Evolution of the tumors suggests the 
reason for this: If they are large, they tend to develop abdominally, 
and the surgeon does not think of a paranephritic tumor. A pye- 
logram, however, reveals the condition readily. Histologic examination 
of the tumor is generally of interest, for there are usually several 
tumors, and the structure may be entirely different. Thus, in one of 
the cases the pathologist had made the diagnosis of lipoma, but there 
was rapid recurrence, and the second histologic examination disclosed 
that one of the masses removed was a fibroma, and the others were 
sarcomatous, although one seemed to be lipomatous. This proves that 
all the masses should be examined separately if an accurate and com- 
plete diagnosis is to be made. 

Two of the tumors in Lepoutre’s series were of the fatty capsule, 
and could be separated from the kidney only by decapsulation. In one 
of these, the vessels were seen to pass from the tumor into the adjacent 
parenchyma. This made it desirable to remove the kidney and tumor 


25. Quénu, Jean: Un cas de tumeur solide paranéphrétique trois fois opéré, 
Bull. et mém. Soc. nat. de chir. 58:1247 (Oct. 19) 1932. 

26. Lepoutre, C.: Sur trois cas de tumeurs paranéphrétiques, Bull. et mém. 
Soc. nat. de chir. 58:1389 (Nov. 16) 1932. 
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in a single piece, although this is not always possible. Good results 
are not easily obtained, yet Lepoutre had a case of sarcoma in which 
the patient survived for five years after an operation of this kind. In 
his first case, there was recurrence a month after extensive resection. 
Recurrences are common in these cases and should always be considered. 


SUPRARENAL TUMORS 


Bleicher ** stated that suprarenalectomy is today regarded as a 
delicate and dangerous operation, because of the deep situation of the 
organ, its small size, its friability, its close relation to the renal pedicle 
and great vessels of the abdomen and the thickness of its adipose 
covering. The old technics were based on old and faulty concepts of 
anatomy, and therefore gave incomplete results. 


Bleicher’s technic, based on dissection of more than 100 cadavers, 
is essentially anatomic. He uses the retroperitoneal route and removes 
preferably the left gland when the choice is free. The transperitoneal 
route is employed only for suprarenal tumors or for considerably 
enlarged glands. His technic is satisfactory for suprarenalectomy, 
medullosuprarenalectomy, suprarenal enervation, removal of suprarenal 
cysts and operation on either gland. 


With the patient in the right lateral decubitus position (for opera- 
tion on the left gland), and with a pillow in the hollow of the thorax 
at the waist to keep the viscera from being crowded into the operative 
field, the abdominal wall is incised, with the center of the wound 
corresponding to the middle part of the ninth rib, high enough and 
anterior enough for an approach, not oblique, but normal, to the 
antero-exterior aspect of the gland. It is a parietal curvilinear incision, 
grazing the margin of the rib. The cutaneous incision starts at the 
external margin of the sacrolumbar mass, that is, from 6 to 8 cm. from 
the crest of the ilium. It follows the longitudinal axis of the twelfth 
rib, and when it arrives at the free extremity of the rib, turns upward 
to follow, at a distance of 1 cm., the lower border of the thorax, ending 
near the axillary line. It involves the entire thickness of the subcu- 
taneous tissue. Section of the superficial muscular layers follows the 
line of the cutaneous incision; the latissimus dorsi muscle is sectioned 
backward, and the posterior portion of the obliquus externus muscle, 
forward. In sectioning the median layer of muscles, the incision of 
the serratus posterior inferior is made backward, and that of the 
posterior margin of the obliquus internus, forward. Subperiosteal 
resection of the twelfth rib follows, after longitudinal incision of its 
periosteum. The deep muscle layer is cut transversely, at the level 


27. Bleicher, M.: Technique opératoire de la surrénalectomie basée sur I’anat- 
omie, Arch. franco-belges de chir. 33:97 (Feb.) 1932. 





SCHOLL ET AL—UROLOGIC SURGERY 1165 


of the anterior part of the incision, to respect the eleventh intercostal 
nerve, which, with the intercostal vessels of the eleventh intercostal 
space, is drawn upward with the superior lip of the incision by the 
tenaculum. The twelfth nerve is similarly hooked downward with the 
lower lip. 

The perirenal capsule is now seen through the transverse and 
retroperitoneal fascia that have been exposed by section of the trans- 
verse muscle. The kidney is identified through its fibro-adipose 
envelop; the retrorenal fascia is incised vertically, from above down- 
ward, a little within and behind the renal margin, as it is made out. 
The partition between the kidney and the suprarenal gland must now 
be broken through to the edge of its insertion on the prerenal fascia. 
When the tip of the hand inserted in the renal loge reaches the vicinity 
of the internal edge of the kidney, the fatty prerenal bed is broken 
down. This must be done tangentially to the prerenal fascia, obliquely 
from above downward, and from without inward, for the entire 
length of the renal margin. When the wall is broken down, separation 
of the presuprarenal fascia is easy; it should be done deeply, down to 
the side of the vertebral column, the outline of which is felt. A 
retractor is introduced to pull the upper part of the fascia strongly 
forward. This method makes it possible to respect the peritoneum 
completely, the surgical manipulation being always separated from it 
by the prerenal fascia. 

The upper lip of the wound is drawn strongly upward; an assistant 
draws the kidney strongly backward, with his hand introduced into the 
renal space, which is now stretched open wide. This brings the antero- 
exterior aspect of the gland into full view. 

To avoid hemorrhage, one should separate the gland from the 
kidney with curved scissors that have blunt points; the fat separating 
them is strongly adherent to the gland but not to the kidney; the 
gland should, therefore, be separated in this way as far as the muscular 
layer of the posterior abdominal wall, the scissors going from without 
inward, to the internal edge of the gland, passing behind the retro- 
suprarenal cushion, where cleavage is easy. 

The gland is now held in place only by its vascular and nerve 
pedicle, included in a continuous nap of cellulo-adipose tissue. To 
remove the gland, two elbowed clamps are placed parallel to each other 
on the superior vascular pedicle at the top of the gland, with room 
between them for scissors to pass, and two others are placed similarly 
parallel on the inferior pedicle, near the lower end of the organ, as far 
as possible from the renal vessels. Care must be taken that the clamps 
will include the entire thickness of the connective tissue and vascular 
nap. These pedicles are now cut, leaving as the only support the 
middle vascular and nerve pedicle, inserted on its internal edge. The 
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organ is now tilted forward, the middle pedicle playing the part of a 
hinge. This pedicle is clamped and cut along the margin of the gland, 
with the same precaution as the others. The pedicles are ligated with 
catgut, or buried metal hooks can be used if preferred. The abdomen 
is closed in layers, with or without drainage. It is unnecessary to fix 
the kidney in its bed, for this organ shows no tendency to leave its place. 


(To be Continued) 
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Abdomen, relation of trauma to rupture of hol- 
low abdominal viscera, 216 
Abnormalities: See also under names of organs 
and regions 
amniotic origin of deformities of limbs, 807 
congenital, 807 


Abscess, perinephritic, 418 
Achondroplasia, spastic paraplegia in, 859 
Amniotic origin of deformities of limbs, 807 


Amputation through lower third of leg for 
diabetic and arteriosclerotic gangrene, 267 


Anemia, treatment of secondary anemia in 
gynecologic patients, 51 


Anesthesia, combination avertin-ether rectal 
anesthesia; experiments on animals, 960 


Aneurysm of renal artery, 413 


Angiomas, benign angiomatous tumors of 


skeletal muscles, 811 


Appendicitis, differentiation of right-sided renal 
disease from appendicitis, 421 
invagination of appendical mucosa producing 
symptoms resembling appendicitis, 75 


Appendix, invagination of appendical mucosa 
producing symptoms resembling appendi- 
citis, 75 


Arteriosclerosis, amputation through lower third 
of leg for diabetic and arteriosclerotic 
gangrene, 267 


Arthritis, experimental chronic arthritis (syno- 
vitis) produced by intra-articular injections 
of bacterial filtrates and other foreign pro- 
teins, 1065 

treatment of chronic arthritis of spine, 970 


Ashhurst, A. P. C.: Prognosis in carcinoma 
of stomach ; remote results of surgical treat- 
ment to January, 1930, 320 


Avertin, combination avertin-ether rectal anes- 
thesia; experiments on animals, 960 


Backache and lumbago; pain in lower part of 
back, 189 


Bacterial filtrates, experimental chronic arthritis 
(synovitis) produced by intra-articular in- 
jection of, 1065 


Bargen, J. A.: Action of cathartics on isolated 
dog’s colon; motor activity, 1130 
Action of cathartics on isolated dog’s colon; 
secretory activity, 1120 
Physiology of colon, 1 
Barnes, J. P.: 
burns, 527 
Barr, J. S.: Fifty-first report of progress in 
orthopedic surgery, 807, 970 
Best, R. R.: 
tion, 1081 


Bigger, I. A.: Wound of superior vena cava 
treated by suture; report of case, 392 


Review of modern treatment of 


Absorption in intestinal obstruc- 


Bilharziasis, of bladder, 605 
Birth injuries, cerebral, 973 


Bisgard, J. D.: Ribs overlying empyema cav- 
ities; pathologic study, 941 
Bladder, bilharziasis of, 605 
carcinoma, 602 
diverticulum, 605 
resection of presacral nerve, 624 
Blair, J. E.: Diagnosis of surgical tuberculosis ; 


comparison of diagnosis by inoculation of 
guinea-pigs and by culture, 178 


Blood circulation of head and neck of femur, 


circulation; sympathetic ganglionectomy and 
trunk resection in circulatory disturbances, 
972 


supply of ligamentum teres and its relation 
to circulation of head of femur, 975 


vessels, circular suture of blood vessels; ex- 
perimental study, 786 


vessels, general care of peripheral vascular 
disease, 971 


vessels, quantitative determination of vaso- 
constrictor spasm, 971 
Bone and joint surgery, 972 


change¢ in bone and photoviosterol toxicosis, 
809 


disturbances in osseous metabolism, 809 


healing of fractures and bone defects after 
venous stasis, 935 


malignant giant cell tumor of bone, 811 
metastases from carcinoma of breast, 814 
metastatic malignant lesions in bones, 813 


osseous dystrophy following icterus gravis 
neonatorum, 810 


production of increased compression strength 
of bone, 976 


tuberculosis of bones and joints in children, 


tumors, diagnosis of primary 
means of roentgen rays, 812 


Brain, injuries at birth, 973 
surgery of frontal lobes, 506 


tumors by 


Breast, cancer, bone metastases from, 814 
malignant tumors of male breast, 427 


Briggs, H.: Effect of complete and partial 
starvation on rate of fibroplasia in healing 
wound, 846 


Bronchiectasis, iodized oil in bronchiectasis in- 
cluding study of 2 cases following lobec- 
tomy, 545 


Brunschwig, A.: Experimental chronic arthritis 
(synovitis) produced by intra-articular in- 
jections of bacterial filtrates and other 
foreign proteins, 1065 


Burman, M. S.: Staining of cartilage; gross 
staining by intra-articular injection of dyes 
in animals, 801 


Burns, review of modern treatment, 527 
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Calcium, calcification of Twort mouse carcinoma 
(in vivo) by means of viosterol, 588 
Cancer: See also under names of organs and 

regions 


calcification of Twort mouse carcinoma (in 
vivo) by means of viosterol, 588 


cancerphobia, special relation to insignificant 
and fancied lesions of tongue, 306 
Carlson, H. E.: Effect of morphine on move- 
ments of small intestine and sphincter 
muscles, 296 
Cartilage, repair of articular cartilage, 978 
staining of cartilage; gross staining by intra- 
articular injection of dyes in animals, 801 
Cathartics, action of cathartics on isolated dog’s 
colon; motor activity, 1130 
action of cathartics on isolated dog’s colon; 
secretory activity, 1120 
Cave, E. F.: Fifty-first report of progress in 
orthopedic surgery, 807, 970 
Christianson, O.: Nasopharyngeal carcinoma, 
1109 
Colon, action of cathartics on dog’s colon; 
motor activity, 1130 
action of cathartics on isolated dog’s colon; 
secretory activity, 1120 
physiology of, 1 


Colp, R.: Periarterial sympathectomy in frac- 
tures; experimental study, 658 


Cranium, fractured, diagnosis and treatment, 
878 
osteomyelitis of, 83 
Curling’s Uleer: See Ulcer 
Cutting, R. A.: Influence of hypertonic salt 
solutions on motility of normal and of ob- 
structed intestine; experimental study, 742 
Cysts, epidermoid cysts of spleen, 63 
polycystic renal disease, 1156 
renal, 1159 


Deformities: See Abnormalities 


Diabetes, amputation through lower third of leg 
for diabetic and arteriosclerotic gangrene, 
267 

Drinker respirator in after-cure of infantile 
paralysis, $14 

Duodenum, primary malignant disease of duo- 
denum, 1087 

Dystrophy, glycine treatment for progressive 
muscular dystrophy, 973 

osseous dystrophy following icterus gravis 
neonatorum, 810 


Easton, E. R.: Intussusception associated with 
tuberculosis; case in adult, 868 


Eaton, F. B.: Postoperative nutritional edema, 
159 
Edema, postoperative nutritional edema, 159 


Eger, S. A.: Primary malignant disease of 
duodenum, 1087 


Electric shock, cases and review of literature, 
99 


Electrobasographic method of recording gait, 
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Ely, L. W.: Backache; lumbago; pain in lower 
part of back, 189 

Empyema, ribs overlying empyema cavities: 
pathologic study, 941 

Enuresis: See Urine, incontinence 

Epididymis, tumors, 620 


Ether, combination avertin-ether rectal anes- 
thesia; experiments on animals, 960 


Everett, H. S.: Treatment of secondary anemia 
in gynecologic patients, 51 
Exophthalmos, treatment of pulsating exoph- 
thalmos with report of 2 cases, 676 
Extremities, amniotic origin of deformities of 
limbs, 807 
circulatory disturbances, 971 


Femur, blood supply of ligamentum teres and 
its relation to circulation of head of femur, 
975 


circulation of head and neck of femur, 975 
osteochondritis of head of femur; experi- 
mental study, 645 


Ferguson, A. B.: Surgery of sesamoid bones 
of great toe; an anatomic and clinical 
study with a report of 41 cases, 466 


Fibromyoma of uterus; report of case of 65 
pound solid fibromyoma, with review of 
large cystic and solid uterine myomas, 897 

Fistula, renal, 1161 

spontaneous renal and ureteral fistulas, 817 
umbilical, 606 
ureteral, 424 


‘racture, Colles’: See Radius 
healing of fractures and bone defects after 
venous stasis, 935 
periarterial sympathectomy in fractures; ex- 
perimental study, 658 
treatment in light of their ischemic com- 
plications, 977 ‘ 
Freiberg, J. A.: Fifty-first report of progress 
in orthopedic surgery, 807, 970 


Freund, E.: Spastic paraplegia in achondro- 
plasia, 859 


Gage, I. M.: Influence of hypertonic salt solu- 
tions on motility of normal and of ob- 
structed intestine; experimental study, 742 

Gait, angle of gait, 973 

electrobasographic method of recording gait, 
926 

Gallbladder, double, report of case, 905 

Ganglionectomy, sympathetic ganglionectomy and 
trunk resection in circulatory disturbances, 
972 

Gangrene, amputation through lower third of 
leg for diabetic and arteriosclerotic gan- 
grene, 267 

Gardner, W. J.: Treatment of pulsating exoph- 
thalmos with report of 2 cases, 676 

Genito-Urinary Tract, influence of gynecologi 
conditions on, 628 

tuberculosis, 1158 


Greene, J. J.: Diagnosis and treatment of frac- 
tured skulls, 878 


Growth, antigrowth principle from parathyroid 
extract, 977 
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Gutierrez, R.: Review of urologic surgery, 402, 
602 6 
Surgical aspects of renal agenesis with refer- 
ence to hypoplastic kidney, renal aplasia 
and congenital absence of 1 kidney, 686 


Hallman, F. A.: Diagnosis of surgical tuber- 
culosis; comparison of diagnosis by inocu- 
lation of guinea-pigs and by culture, 178 

Hamby, W. B.: Treatment of pulsating exoph- 
thalmos with report of 2 cases, 676 


Harvey, 8S. C.: Effect of complete and partial 
starvation on rate of fibroplasia in healing 
wound, 846 


Heath, A. L.: Electrobasographic method of 
recording gait, 926 


Hemangioma of vertebra, 810 


Hematoma, chronic subdural hematoma, etiology 
and treatment, 629 

Henry, L. D.: Experimental chronic arthritis 
(synovitis) produced by intra-articular in- 
jections of bacterial filtrates and other 
foreign proteins, 1065 


Hepler, A. B.: Review of urologic surgery, 402, 
602, 1146 


Herrmann, 8S. F.: Double gallbladder; report 
of case, 905 


Hicken, N. F.: Spontaneous renal and ureteral 
fistulas, 817 

Hicks, G. S.: Double gallbladder; report of 
case, 905 


Higgins, C. C.: Spontaneous renal and ureteral 
fistulas, 817 


Hinton, J. W.: Clinical consideration of gastric 
ulcer and carcinoma, 395 
Hip joint from roentgenologic standpoint, 808 
Whitman’s reconstruction operation on, 972 
Howes, E. L.: Effect of complete and partial 


starvation on rate of fibroplasia in healing 
wound, 846 


Hu, C. H.: Osteochondritis of head of femur; 
experimental study, 645 


Huggins, C. B.: Bone and calculi in collecting 
tubules of kidney, 203 


Hunt, G. H.: Combination avertin-ether rectal 
anesthesia; experiments on animals, 960 


Hydronephrosis, 410, 1157 
Hyndman, 0. R.: Carcinoma of lip; clinico- 


pathologic analysis of 77 cases and sug- 
gestion for rational plan of treatment, 250 


Ileus: See Intestines, obstruction 
Infant, cerebral injuries at birth, 973 


Inge, G. A. L.: Surgery of sesamoid bones of 
great toe; an anatomic and clinical study 
with report of 41 cases, 466 

Intestines, Curling ulcer; study of intestinal 
ulceration associated with suprarenal dam- 
age, 490 

effect of morphine on movements of small 
intestine and sphincter muscles, 296 


influence of hypertonic salt solutions on 
motility of normal and of obstructed in- 
testine; experimental study, 742 


obstruction, absorption in, 1081 
obstruction (ileus) in pregnancy, 1162 


Intussusception associated with tuberculosis: 
case in adult, 868 


Iodized oil in bronchiectasis including study of 
2 cases following lobectomy, 545 


Jaundice, osseous dystrophy following icterus 
gravis neonatorum, 810 


Joint and bone surgery, 972 
lymphatic drainage of, 345 
repair of articular cartilage, 978 
= ~~ Sane of bones and joints in children, 
v 


—— C. M.: Postoperative nutritional edema, 
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Judd, E. S.: Review of urologic surgery, 402, 
602, 1146 


Kasabach, H.: Periarterial sympathectomy in 
fractures; experimental study, 658 


Kasman, L. P.: Pylephlebitis, 910 


Keegan, J. J.: Chronic subdural hematoma; 
etiology and treatment, 629 


Key, J. A.: Healing of fractures and bone 
defects after venous stasis, 935 


Keyser, L. D.: Review of urologic surgery, 402, 
602, 1146 
Kidney: See also Hydronephrosis 
abscess, 1161 
anomalies, 414 
anomalies, surgical aspects of renal agenesis 
with reference to hypoplastic kidney, renal 


aplasia and congenital absence of 1 kidney, 
686 


anomaly of pelvis, 1149 


bone and calculi in collecting tubules of kid- 
ney, 203 


calculi, 402 
calculi, formation of, 1154 
calculi, squels of, 1148 
carbuncle, 1159 
cysts, 1159 
cysts; polycystic disease, 1156 
denervation, 417 
differentiation of right-sided renal disease 
from appendicitis, 421 
fat invasion, 1146 
fistula, 1161 
function, 1161 
horseshoe, 1150 
infarcts, 1160 
lipomas, 1146 
ptosis, 413 
resection, 416 
spontaneous renal and ureteral fistulas, 817 
surgery, review of, 1146 
tuberculosis, 411 
tumors of renal pelvis, 419 
tumors, pararenal, 420, 1163 
Kleinberg, S.: Spondylolisthesis and  pre- 
spondylolisthesis, 565 
Klopp, J. W.: Prognosis in carcinoma of 
stomach; remote results of surgical treat- 
ment to January, 1930, 320 
Knee, pneumoroentgenogram of knee joint, 974 


positive pressure in arthrodesis for tuber- 
culosis of knee joint, 816 
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Koster, H.: Pylephlebitis, 910 
Kuhns, J. G.: Fifty-first report of progress in 
orthopedic surgery, 807, 970 
Lymphatic drainage of joints, 345 


Kutzmann, A. A.: Review of urologic surgery, 
402, 602, 1146 


Lamb, E. B.: Circular suture of blood vessels; 
experimental study, 786 


Larson, L. M.: Action of cathartics on dog’s 
colon; motor activity, 1130 


Action of cathartics on isolated dog’s colon; 
secretory activity, 1120 


Physiology of colon, 1 


Learmonth, J. R.: Points in surgery of frontal 
lobes of brain, 506 


Leg, amputation through lower third of leg for 
diabetic and arteriosclerotic gangrene, 267 


Lip, carcinoma, clinicopathologic analysis of 77 
cases and suggestion for rational plan of 
treatment, 250 


Lipomatosis, renal, 1146 

Lobectomy: See Lung, surgery 

Lumbago and backache; pain in lower part of 
back, 189 


Lung surgery; iodized oil in bronchiectasis 
including study of 2 cases following 
lobectomy, 545 


Lyman, G. P.: Calcification of Twort mouse 
carcinoma (in vivo) by means of viosterol, 
588 


Lymphatic drainage of joints, 345 


McArthur, S. W.: Nasopharyngeal carcinoma, 
1109 


McLaughlin, C. W.: The Curling ulcer: study 
of intestinal ulceration associated with 
suprarenal damage, 490 


Mage, S.: Periarterial sympathectomy in frac- 
tures; experimental study, 658 

Martin, D. L.: Double gallbladder; report of 
case, 905 


Meidinger, R.: Absorption in intestinal obstruc- 
tion, 1081 


Meninges, chronic subdural hematoma, etiology 
and treatment, 629 


Milgram, J. E.: Fifty-first report of progress 
in orthopedic surgery, 807, 970 

Miltner, L. J.: Osteochondritis of head of 
femur; experimental study, 645 

Morphine, effect of morphine on movements of 
small intestine and sphincter muscles, 296 

Movements, angle of gait, 973 

electrobasographic method of recording gait, 
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Muscles, benign angiomatous tumors of skeletal 
muscles, 811 


ruptures and tears of muscles of lower ex- 
tremity, 974 


Myeloma, diagnosis of diffuse endothelial 
myeloma, 812 


Myotonia, congenital, 807 
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Nasopharynx, carcinoma, 1109 
Neal, M. P.: Malignant tumors of male breast, 
427 


Nerve, presacral, resection of, 624 


Nervous system, sympathetic system and pain 
phenomena, 1072 


Newton, L. A.: Absorption in intestinal ob- 
struction, 1081 


Ochsner, A.: Influence of hypertonic salt solu- 
tions on motility of normal and of ob- 
structed intestine; experimental study, 742 


Orr, T. G.: Effect of morphine on movements 
of small intestine and sphincter muscles, 
296 


Orthopedic surgery, fifty-first report of progress 
in orthopedic surgery, 807, 970 


Os calcis, neoplasms of os calcis, 813 


Osteitis deformans, sarcoma in relation to 
osteitis deformans and osteodystrophia 
fibrosa, 812 


Osteochondritis necroticans “‘findens’” (divided) 
of sesamoid bone of first metatarsal, 975 


of head of femur; experimental study, 645 


Osteodystrophia fibrosa, sarcoma in relation to 
osteitis deformans and osteodystrophia 
fibrosa, 812 


Osteomalacia, 809 


Osteomyelitis, acute, in children, 970 
of skull, 83 


Owings, J. C.: Fibromyoma of uterus; report 
of case of 65 pound solid fibromyoma, with 
review of large cystic and solid uterine 
myomas, 897 


Pain, sympathetic system and pain phenomena, 
1072 


Paralysis, spastic paraplegia in achondroplasia, 
59 


Paramyotonia, congenital: See Myotonia, con- 
genital 


Parathyroid extract, antigrowth principle de- 
rived from parathyroid extract, 977 


Pearl, F. L.: Electric shock; presentation of 
cases and review of literature, 227 


Pelvis, influence of gynecologic conditions on 
genito-urinary tract, 628 
Pneumoroentgenogram of knee joint, 974 


Poliomyelitis, Drinker respirator in after-cure 
of infantile paralysis, 814 


neutralization tests of serums of treated and 
untreated patients with poliomyelitis, 815 
Portal vein, inflammation, 910 


Pregnancy, ileus in, 1162 
influence of gynecologic conditions on genito- 
urinary tract, 628 
Prespondylolisthesis and spondylolisthesis, 565 
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